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ABSTRACT

In £he face of a chronic food grain shortage, the Government of
Bangladeéh has, since the late sixties, been trying to increasé the
domestic production of rice by introducing HYV rice. The First Five
Year Plan (1973-78) of Bangladesh spelled out that by the terminal year,
the counfry would be made self-sufficient in food grain production with
the help of HYV'rice. As it has turned out, the rate of adoption of
HYV rice is much slower than anticipated.' The rice self-sufficiency
program depends on how rapidly HYerice is being diffused by the farmers.

In‘this study, an effort has been made to look into the diffusion
pfocess of HYV rice in Bandladesh. Both the tabular and graphic surveys
of data show diffusion to be at éﬁ early stage. Multiple régrgssion has
been used to isolate the féctors which are important at the early.stage
of diffusion. Within the model we also tried to test for the relative
importance of the»vafious factors in the procéss.

It has been shown t@at the dissemination of information, along ﬁith
improved availability of supplementary inputs like fertiliser, is likely
to accelerate the rate of diffusion at the early stage.

On the basis of the results obtained, conclusions Were drawn about

how the rate of diffusion can be accelerated by government policy changes.
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CHAPTER 1

INTRODUCTION

1.1 The Problem

In recent years Bangladesh has been experiencing a shortage in food
grain supply. Supply of foodgrains fluctuates from year to year depend—'
ing on climatic and other factor35 Rice is the principal foodgrain
consumed in Bangladesh and shortages of foodgrain supply have been met
.either by imports or overseas grants. The lag between domestic pro-
duction and demand for rice creates a préfound impact on the movement of
foodgrain priceé and this, in turn, affects the general price level in
the country. Rice is the principal cbmponent of an average consumer's
budget and the fluctuations in ricevprice essentially dictatevhis overall
consﬁmption pattern with considerable welfare implications for consumers.

The foodgrain problem is primarily one-dimensional ‘in Bangladesh,
i.e., it is,é production problem. Land,.the most important factor in
the agricultural production mix, is in‘iimi;ed supply. Theoretically, an
increasing populatioﬁ may be faced with a giveh level of technology and
fixed supply of land. Any increase in population, unless accompanied by
the introduction of new agricultural technology, will lead to diminishing
marginal returns from labour.

Economic development presupposes an increase in income level, and
with rising incomes people will tend to consume more food - particularly
higher quality, more expensive foods,'which may require greater agri-

_cultural resources for their production. Increased demand fpr food will
definitely imply that a certain portion of this increased demand will be
for more foodgrain also. It is generally agreed that the income

elasticity of demand for food decreases greatly as the level of income

increases.
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Foodgrain self—éufficiency or, for that matter, rice self-sufficiency .
is a crucial factor for planners in Bangladesh. 1In the context of both
long-run and short-run planning for economic development, planners will
have to make available basic minimum requirements per capita of foodgrain
at a reasonable price, keeping in view the income level.

The recent trend in rice produétiou in Bangladesh has been marked by
consistent efforts on the part of the government to attain self-sufficiency
in rice production to ease the foodgrain_situation. The annual averagé
growth rate of rice production in the 1950s was 0.7 per cent as against
the population growth rate of 3 per cent per annum. The average growth
rate of rice production had gone up to 2.5 per cent during the 1960s ~
population growth rate remaining at 3 per cent per annum. The increase in
the growth rate of rice production'in the 1960s did little to ease the
foodgrain situation. If we look at'the foodgrainvimport figures in
Table 1.1, it will be apparent that in spite of the fact that growtﬁ of
rice production has gone up during the 1960s, foodgrain imports have »
increased at a faster rate during the 1960s than in the 1950s.

During the 1960s more whéat than rice was imported into Bangladesh
to substitute for rice as a foodgrain;éince the price of wheat was lower.
But given a preferance, people will choose fq‘have rice rather than
wheat as a staple. |

Lowvlevels‘of producfion resulted in a deficit of foodgrains of
4.36 million tons in 1971-72, 1.9 million tons in 1972-73 and 2.2 ﬁillion
tons in‘l973;74. The entire deficit had to be met by either imports or
overseas foodgrain grants. The increase in fopdgrain imports did not
improve the per capita availability of foodgrain. This can be seen from

Table 1.2.



TABLE 1.1
IMPORT OF FOODGRAIN INTO BANGLADESHV

(in tons)
Year B ‘ Wheat : | Rice Total
1956 51,000 533,000 | 584,000
1957 | 75,000 N 432,000 | | 507,000
1958 136,000 464,000 | 600,000
1959 161,000 473,000 | 634,000
1960 176,000 402,000 578,000
1961 ’ 187,000 | 357,000 544,000
1962 512,000 | 270,000 782,000
1963 919,000 565,000 - 1,484,000
1964 219,000 | 233,000 452,000
1965 892,000 B 191,000 981,000
1966 : 417,000 | 415,000 o 832,000
1967 | 789,000 - | 361,000,' | 1,150,000
1968 820,000 152,000 - 972,000
1969 958,000 311,000 1,269,000
1970 | 878,000 o 382,000 1,280,000

Source: G.0.B. (1972% Statistical Digest of Bangladesh No.8, p.158.




TABLE 1.2

PER CAPITA AVAILABILITY OF FOODGRAIN
FOR CONSUMPTION IN BANGLADESH

Per capita availability

Year
(ounces per day)

1960-61 ~ 16.0
1961-62 1506
1962-63 15.2
1963-64 | . 16.2
1964-65 15.7
1965-66 : 15.6
1966-67 | 14.2
1967-68 152
1968-69 " - 15.6
‘1969—70 ‘ 16.4
1970-71 I 153
1971-72 (est.) - 14.3
1972-73 (proj.) | 15.1

Source: E. Sailer (1972), Report on the Mission of High Level
‘United Nations' Consultants to Bangladesh, Vol.II.




1.2 Recent Efforts to Overcome the Problem and Their OQutcome

A sense of urgency has always been obsefved in Bangladesh but the
systematic endéavour for rice self-sufficiency started around the late
sixties to tide over the increased demand for rice due to the increase in
population. Comprehensive foodgrain self-sufficiency programs were
adopted and upaated regularly during the period with the aim of achieving
foodgrain self-sufficiency by the Yéar 1969-70, but the achievement fell
far short of expectation. However, it did help to increaée the level of’
Boro rice produétion fromv830,000 tons in the year 1966-67 to 18 million
tons in 1969-70.
The first Five-year Plan (1973-78) of Bangladesh spelled out in
~specific terms that by the terminai year of the Plan, i.e. 1977-78, the
country would be made self—sufficienf in foodgrain production. The early
years of the plan's performance give a reasonable amount of doubt about -
achievement of the planned target. |
One factor yas been found common in both the foodgrain self-
sufficiency programs. Plans have banked on increased production from
increased yieldskfrom ﬁYV rice, with packége inputs like fertiliser,
credit aﬁd ifrigation.
The current foodgrain self—sufficiencyiprogram under the firsf Five
" Year Plan estimates that qudgrain production will go up to 15.4 million
tons from 11.3 miilion toﬂs during the plan period and if it is possible
to reach the target, it will indicatera cumulative growth of 36 per cent
over the plan period. This target production will ensure foodgrain self-
sufficiency ét the terminal year dn the assumption of per capita daily
availability of 16 oz of foodgrain.

The method spelled out to achieve this target production of rice
under the plan period is based on the assumption that the increased'yield.

will be achieved by introducing HYV rice in the irrigated areas, selected



rainfed areas and in the traditionally irrigated Boro areas. In
quantitative terms, the planners estimated that 19.12 per cent of the
total area under rice would belong to HYV rice, and HYV rice will con-
tribute 31.17 per cent of the total rice production in 1973-74. By the
terminal year 38.64 per cent of the area under rice would belong to HYV
rice and it will contribute 59.58 per cent of the total production.

In spite of government efforts to raise the level of production of
rice through introductién of HYV rice from the late sixties, Bangladesh
is still far behind many Asian countries in adopting HYV rice. Table
1.3 gives an indication of the rate of adoption of HYV rice in Bangladesh

in comparison with other Asian countries.

1.3 The Objective of the Study

The rate of adoption of HYV rice is much slower than expected. Thev
whole rice self—sufficiency prograﬁ depends on how fast HYV rice ié
being adopted by the farmers. An attempt.has been made in this study fo
identify the factors that are assumed to be important in the early stage
of diffusion of HYV rice in Bangladesh and to examine the diffusion pro-
cess. This information would seem very crucial for policy—making in
respect of government planning for increased prodﬁction'through HYV.

The geographic territory which_now comprises Banglédesh has been
subjected to planning for economic devélopment since the early 1950s,
and it is assumed that the reéults of the present findings should be of
interest to the planning authority with regard to their foodgrain self-
sufficiency program. The most crucial poinﬁ of thé future agricultural
‘deVelopment will be to meet the staple food reqﬁirement of a population

increasing at a rate of 3 per cent per annum.



N

*SuoTieN podolaa3(

SS9 UT 90Ty pPUB uwwﬁz mo,mwﬂumﬂumV SUTPTSTX USTH 3O peeads pue jusmdoTeaaq ¢ (%/6T) °Tdmiateq °q :921nog
7°0C 0°LT 6°2T 6°6 99 S°¢ AR T* - 8310} Fo OTTqnday
6°0€ L°ST 0°02 €°8 LT z°0 - - WeUIITA Y3nog
€°S (A 9°T T°0 - - - - pPuUBTTBYL
0°%S €°9S €°0S G gy 9°0% AN YA L°T - sautddTTIyd
0°6€ 0°LE 7°1€ 14 6°0¢ 1°€C %°CT €°0T eTsAeTeR
cL Gy 1°8 €°0 €°0 1°0 v0° - soeT]
0°8T 8°91 0°TT z°0t (4 - - - BIS?UOPU]
7y 6°¢ 0% T°¢ g€ "0 - - ewing
0°%€ 0°¢ 8% 6% (AN - - - ejque] TIS
G ey 0°0$ 9°9¢ 0°2€ 86T €0 10° - weIsSTIERd
1°9T €°9 L°s 8°¢ L€ - - - Teday
T°TT L9 Ly 9°¢ 9°1 L°0 z00°* - ysaperdueg
S°ee 9°6T 6°4T S 1T €L 6% G°¢ z0° BIpPUT

€L-TL6T TL-TL6T TL-0L6T 0L-696T 69-896T  89-L96T £9-996T 99-9G6T £x3uno)
(TL6T-S96T)
NOII¥0d0¥d

SHIYINAOD NVISV NI AZH O QEINVId VIV g0I¥ TVIOL 40

€T 419V




1.4 Outline of the Study

This dissertation is divided into seven chapters.

Chapter 1 describes the problem and the objectivé of thé study.
Chapter 2 deals with the economic background of Bangladesh and the
relationship between rice and the economy including rice culture
practices in Bangladesh.

Chapter 3 describes the approach to the study of the diffusion
process. Chapter 4 deals with the hypothesis and the derivation of
the model which is eétimated,‘and deals with the techniques of econo-
metric estimation used and the problemé éncountered in estimatioﬁ.

Chapter 5 presents the data in terms of the selected variables
and data transformation and adjustment, and comments on the reliability
of the data. Chapter 6 presents the.résults of.estimationf‘

Chapter 7 presents the concluding reﬁarké about the stpdy's

findings in relation to earlier research.



CHAPTER 2

RICE AND THE ECONOMY

2.1 The Economy

Bangladesh, as an economy, possibly faces one of the most difficult'
tasks of ecoﬁomic'development at this point of time due to mounting
population pressure and limited éultivabie land. The size of the popu~
lation is approximately 72 million according to the 1974 population
census and the area of Bangladesh is 55,126 .square miles. The average
density of population is 1,375 persons per square mile - one of the
highest population densities in the'w§rld. 91.22 per cent of the total
population is rurally based and the average literacy rate for ;he.
country as a whole is 22.2 per cent. ‘Bangladesh has one of the lowest
average per capita incomes in the world at approximately $US100 per
annum. Nearly. 45 per cent of the.total populatién is under 15 yearé of
age, depicting a high degree of depeﬁdency burden. 76 per cent of the
total labour force is engaged in_the(agricultural sector.

The average size of farﬁs is‘2.5 acres and there is extremely
limited possiﬁility of extension of cultivated land. A’ third of the
cultivated iand is subject to énnual flooding, coupled with occasional
cycloneé and tidal waves along the coastal'areas;

According to the FAO Production Year Book (1973), while the popu-
lation index has risen to 141 (1961-65 = 100), food production has risen
to 122 (1961-65 = 100). Possibly nowhere else in the world has such an

“extremely low level of living and the extreme poverty is shared by véstv
masses of population all ove? the coﬁntry. Life in a material sense is
extremely éodr in the country. All the economic and demographic indices

of Bangladesh indicate a very low subsistence level economy. Possibly
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the word "subsistence" is not enough to convey the real meaning of the
situation in some areas at least at this point of time. This is an

economy moving around the margin of disaster.

2.2 The Physical Features of the Country

Bangladesh is a vast low alluvial plain with.marginal hilly areas
in the north and the south east. The average elevation of this alluvial
plain is about 30 feet above sea lével. The plains are watered by one of
the most remarkable networks of rivers in thevworld. The rivers and the
streams are the most conspicuous feature of the landscape in Bangladesh.
Every year these rivers and streams overreach their banks 'in fhe monsoon
and deposit.silts on the surrounding areas. In_the'proceés, a typical
ailuvial plain has been created with natural levees élong the'banks of
the rivers, streams and swamps which‘ﬁake an ideal condition for rice
cultivation. The éouthern pért of the country is deltaic and all the
‘rivérs iﬁithe deltaic region are continuously experiencing shifts in
their main channels and this makes control of the water syétem very
difficult.

The mcnsodn months (June to September) comprise the wet season énd
this period piays the most dominantvrole in. the agrarian économy in
general and rice cultivation in particular.

The mean minimum temperature varies from 49.6°F to 56.2°F in
January and mean maximum temperature varies from 77.9°F to 78.9°F in
July. |

The annual rainfall ﬁaries from 50 inches in the west to 100 inches
in the south”east and to 200 inches in the sub-Montane region of Assam
Hills in the north. Nearly 80 per cent of rain falls between June ﬁo

October during the monsoon. Winter rainfall in most years is negligible.
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2.3 The Agrarian Economy

Agriculture contributes approximately 60 per cent to the GDP of
Bangladesh. Every available acre of land is very intensively cultivated
to grow agricultural commodities, mainly food crops. Most of the farmers
are basically subsistence farmers. An average land-owning farmer has
only 1.5 acres, rents another acre from a well-to-do farmer and‘there—
fore cultivates 2.5 acres. The governmént has placed a ceiling of
33 acres of land ownership for each farmer in 1972, but in fact only
0.5 per ceﬁt of the farms are larger than 25 acres. About 77 per cent of
the farms in Bangladesh are under 5 acres and 24 per cent of them are
smaller than one acre. About 40 per cent of the pesants are landless.

The_problem of having small farms is further complicated by the
fact that a single farm is rarely in a single compact wnit. It is
usually scatferéd in small plots in distant places surrounding the
farmer's village cauéing enormous 1anurﬂwastage in the time spent moving
from one plot to another. The stupendous scale‘of sﬁﬁdivision and frag-
mentation of landholdings is the result of hereditary laws in an economy
where populaﬁibn has increased without any corresponding increase in-
the supply of cultivable land; ’Thg extent of subdivision and fragmen-
tation can be . assessed from Table 2.1.

The fragmentation of farms has necessitated many demarcation lines
to identify-hdldings. Thése demarcation lines have alwayé been made b&

‘slightly raised earthen embankments and it is estimated that an area of
about 250,000 acres of land are taken up with these demarcation lines,
thﬁs rendering this area useless. |

The farming techniques in Bangladesh are still mostly traditional.
Mechanisation on a large scale has yet to arrive. The tools and imple-
ments of the farmefs are few and simple. Mosf common tools are the
metal pointed wooden plough  to till the land; split bamboo ladders to

level off the land; short-handled hoe shovel, hand scythe, heavy bladed
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knife and a pair of bullocks. Needless to say, an enormous amount of
back-breaking human labour is required at every stage from sowing to

harvesting. More than one crop is usually raised in a year from the land.

TABLE 2.1

SUBDIVISION AND FRAGMENTATION OF LANDHOLDINGS IN BANGLADESH

No. of farms

Type (million) Percentage of all farms
All farms | 6.14 , 100
Férms not fragments 0.62 ) 10
Farms with 2 or 3 fragments 1.29 21
Farms with 4 or 5 fragments ‘1.08 o 17
Farms Qith 6 or 9 frégments 1.39 23

‘Farms with 10 or more ‘
fragments 1.76 29

Source: H.E. Raschid (1965); East Pakistan: A Systematic Regional
Geography and Development Aspects, p.122,

In the year 1969-70, 55.3 per cent of the cropped area was single-
cropped, - 34.8 per cent was double—cropped and 6.2 per cent was triple-

cropped. The degree of intensity of cropping can be observed from

Table 2.2.

2.4 The Role of Rice in fhe Economy

Among the crops grown, rice looms large in the economic and social
life of Banéladesh. Its culture is so widespread and its use as a food
is so popular that rice is cul;ivatgd all over Baﬁgladesh and conse-
quently is the staple food in the diet of the people of Bangladesh. _The
production of rice plays such an important role in the economy of
Bangladesh that it is understandable thelway people attach so much
importance to rice cultivation. 77.6 per cent of the total cultivable

area was under rice during the year 1969-70 and the trend is increasing.



TABLE 2.2

LAND UTILISATION IN BANGLADESH, 1969-70

Name of district

Intensity of cropping

(percentage)

Dacca 154 :
Mymensing 172
Tangail 188
Faridpur 173
Chittagong 135
Chittagongiﬂiil Tracts 184
Noakhéli 148‘
‘Comilla 162
Sylhet 133
Rajshahi 132
Dinajpur 140
Rangpur 175
Bogra 159
Khulna 130
Banisal 151
Patuakhali 123
Jessore 137
Kushtia 132
Bangladesh 150

Source: G.0.B. (1973), Bangladesh Agriculture in Statistics, p.43.

13
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Rice contributed 28 per cent to tﬁe GDP in fhe early seventies. A
United States AID mission at Dacca in 1968 found that there was a corre-
lation of almost .99 between the volume of rice production and the GDP.
Bangladesh accounts for 7.1 per cent of the total area under rice and
occupies third position amongvthe rice growing countries. The rice
industry is the largest employer of civilian iabour in the country.

Out of the total average consumpfion of 2073 calories per head, per

day, 1662 calories come from grains (i.e., mostly rice). See Table 2.3.-

TABLE 2.3

FOOD BALANCE SHEET OF BANGLADESH, 1962

Food groups Calories

(head/day)
Grains o 1,662
Pulses ' 56
Roots, tubers and starches 18
0ils and fats - | 38
Fru;ts and vegétables - éa
Meat - ' - 13
Fish v - | 37
Milk | | 35
Eggs - - | 1
Sugar | | . 119
TOTAL: 2,073

Source: H.E. Raschid (1965), East Pakistan: A
Systematic Regional Geography and
Development Aspects, p.368.
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2.5 Rice Culture in Bangladesh

. Because of the factors discussed earlier, there is no indicétion
that any other crop can replace rice at present and rice is and will be
grown by the farmers on their farms for several reasons:

1. Rice is the most preferred food and the level of per

capita income also does not suggest that people can
switch over to costlier foods like meat and vegetgbles
in 1arger quantitieé to substitute for cereals.

2. The geographic position and‘the climatic conditions l"

make Bangladesh suitable for rice cultivation.

3. The price of rice in the recent past shows a rising

trend which makes rice production more profitable.

4, Farmers have a built~in technicél skill in rice

production and the rice technology is more advanced
than that of other érops.

Bangladesh rice production technology has been dominated by the
varieties planted with 1imit¢d capacity to utilise fertiliser effectively.
The introductidn of modern mechanical techniques are limited by the size
of the farm and the scale of operation.  Traditional varieties of rice
in Bangladesh are relatively tall with weak;stemmed stalks. Farmers
have been only able to use a very limifed quantity of fertiliser because
if additionalvunits of feftiliser are applied, heavier héads cause the
plants to fall down or lodge, thus limiting the potential increase in -
yield. These conditions have presumably caused rice cultivation tech-
nology to remain largely unchaﬁged.for centuries. Increased output of
rice will be heavily dependent upon majdr changes in rice cultivation
technology through water control systems, fertiiiser and increased plant

population densities.



Bangladeéh has one of the lowest rice yields in the world.

16

The following

table indicates the low yield of rice in Bangladesh in comparison with

other Asian rice producing countries:

RICE PRODUCTION IN ASIA

TABLE 2.4

Cowntry 1971 1972 1973
(kg/hectare)
Japan 5,243 5,848 6,018
Republic of Korea 4,631 4,6;8. 4,794
China | 3,137 3,088 - 3,209
Indonesia 2,270 2,259 2,373
Sri Lanka 2,366 2,054 1,956
World 2,293 2,252 2,390
Asia 2,305 2,253 2,409
Bangladesh 1,602 1,572 1,837

Source: FAO Production Year Book, 1973, p.46-47.

The following table gives a description of total area under rice,

total production of rice and yield per acre:

TABLE 2.5

ACREAGE, PROﬁUCTION AND YIELD OF RICE IN BANGLADESH

Year . Area Pr9duction , Yield
(in acres) (in tons) (in maunds)

1970-71 9 24.05 ml 10.80 ml 12.34

1971-72 22.97 ml 9.77 ml 11.97

1972-73 23.79 mi 9.93 ml 12.06

1973-74 23.70 11.72 18.07

1974—75 23.92 11.32 15.34

Source: G.0.B. (1975), Economic Survey of Bangladesh, 1974-75, p.8.

1 maund - 37 kg.
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Rice production in Bangladesh is undertaken in favourably endowed
geographic conditions in the world's largest rice producing and consuming
area. Geographic and weather conditioné not only make Bangladesh suit-
able for rice cultivation but also determine the cropping pattern of
rice. Three separate cropping seasons and four different rice varieties
with eaéh rice variety adapted to pér;icular seasonal and hydrological
conditions and farming techniques have evolved over many years.

In spite of the large degree of uniformity in rice cultivation
practices, there is a certain degree dfwvariation in the regional patterh
of rice cultivation. Each variety of rice consists of many types, most
of which are based on quality énd type of grain whetﬁer it is fine, long;
small, medium or bold. ’

The three agriculfu:al seasons aré mutually ovérlapping and are
named after the period when the crops are harvgsted. The three agri-
cultural seasons are: (1) Bhadoi season when the Aus variety of rice
is harvesfed; (ii) Haimantik seasoﬁ when both varieﬁies of Aman are
harvested; (iii) Rabi season when the Boro variety of rice is harvested.

In the year 1972-73, out of a total of 23.6 m acres under rice,

7.2 mracres were under Aus, 4.6 m acres were under Broadcast Aman, 9.4 m
acres were‘under Tranéplanted Aman and 2.4 m acres were under Boro. In
the same yeér,'from yield data on a pef‘acre basis, Boro had the highest

yield followed by Transplanted Aman, Aus and Broadcast Aman.

2.6 The New Rice Technology

In the iight of the chronicvfood grain shortage and mounting popu-
lation preésure, it seemed that it ﬁas impossible to rely on traditiomal
variéties of rice to attain food grain self-sufficiency. The traditional
varieties of rice do not‘respond well}to fertiliser applications.

Moreover, there is little or no possibi;ity of increasing the'acreage under
rice without increasing thé intensity of cropping. The way taken out from

this impasse was to look for new or improved rice varieties suitable to
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climatic and cultural practices in the country. There is'novdenying
the fact that it was the need for more foodgrains which originally
inspired the search for new and better methods of rice production. The
policy-makers have decided to use the new technology as thé major ﬁeans
to pursue the objective of increased rice pfoduction.

The new rice technology as it is being used.in the country has been
pioneered by the International Rice Research Institute (IRRI) at Los
Banos in the Philippines. A number of varieties of new rice seeds with
dramatic high yielding potential have been produced by IRRI. The per-
formance of these HYV rice seeds is environment specific and higher yields
can only be obtained from these seeds under appropriate circumstances.

The first HYV rice IR8 was released in late 1966 by IRRI and this
was followed‘by IR5 in 1967 and then by IR20 and IR22 in 1969 and IR24
in 1971. All new rice varieties were available in Bangladesh soon after
they were released by IRRI.

Although HYV rice opéned up enormous increased production possi-
bilities, tﬁey require difficult adjustment in institutional and cultural
practices to réap their potential benefits. Apart from IRRI, the
Bangladesh Rice Research Institute at Dacca has also contributed towards
developing new HYV rice in Bangladesh. TheAmost sucecessful HYV rice
varieties to bé introduced to date in'Bangladesh under the research

program of IRRI and BRRI are given below:

IR8: This étrain was available in Bangladesh immediately after

it was released from IRRI for use in 1966. At the beginning it
was triéd for all three seasons of rice cropping but the variety
showed very little adaptibility fo Aus'or Aman seasons. It showed
a greater degree of adaptibiiity dﬁring the Boro season, although
it.requires more irrigation water‘and a longer growing period
than traditional varieties grown in'the Boro season. IR8 has

much highei yields than traditional varieties and with higher
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doses of fertiliser and pest control its yield can increase
substantially. This HYV rice is susceptible to tungro virus,

bacterial leaf blight and cold weather.

IR5: 1Its plants are taller than IR8 and it is drought
resistant. This variety is generally grown during Aman season.

This variety is very thermosensitive and is susceptible to

diseases.

IR20: This-is a short straw variety and adaptive to the monsoon
season. This HYV rice has certain improved qualiﬁies such as
better grain quality, resistance to insects and to certain -
diseases; Because of these qualities it has the widest adapt-

ibility in the transplanted Aman season.

CHANDINA: This is a short straw variety aﬂd ﬁore céld tolerant
_ than IR8 and its grain quality is also better. It is more peét
and disease resistant. It is primafily an IR8 local replacemén;.
- Although it was designed for Boro and Tramsplanted Aus, it has
shown excellent results for late Transplanted Aman in many places

of the country.

MALA: This HYV rice is recommended for rainfed Broadcast Aus but
generally it is grown as Boro and Transplanted Aus. It has the '
highest number of spikelets per panicle among the HYV rices but

its sterility percentage is also higher.

PURBACHI: This HYV rice is used for Boro cultivation but is very

susceptible to diseases and is grown where early harvest is

needed.

BR3: It is a better replacement for IR8 in the sense that it is
resistant to bacterial leaf blight and has some resistance to
tungro virus but its grain quality, plant type and growth period

are the same as IRS8.
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BRRI SAIL: This variety was developed from the cross IR20 x IRS
and is recommended for Transplgnted Aman season. It is the
latest in the series by BRRI. This variety is an improvement

over both IR20 and IR5 in certain respects.

To reap the full benefits from these HYV seeds, the complete range
of supplementary inputs are also required to be made available to the
farmers like feftiliser, pesticide,vfungicide, herbicide, irrigation,
proper land preparation, correct timing in transplanting, and the correcf
plant population per acre.

In thé light of the current prevaient traditional agricultural
practices these are radical changes‘and have definitely put the research
organisations and the extensioﬁ services under heavy'pressure. It is
evident that though thé new rice technolog& has opened up enbfmous
production poséibilities, the incréased yield.can only be obtained;by

use of increased inputs.

2.7 Seasonal Distribution of HYV Rice"

The new rice tgchnology ovef the last few years seems to be in the
processlbf‘ﬁaking new adjustment to different rice growing seasons; In
1969—70‘HYV Boro contributed 88.93 per cent to total HYV rice production
but the contribution of ﬁYV Boro went down to 41.36 per cent in 1972-73 -
four years later. DuringAthe same périod.thé coﬁtribution of HYV Aman
to total HYV rice production rose from 4.48 per cent to 52.41 per cent.
In percentage figures more acres are under HYV rice in the Boro season
than during the Aman‘season. This indicates that although HYV rice was
originélly found suitable for the Boro season it is becoming more adapt-
able to Aman and_Aus seasons with the breeding of new HYV rice varieties
suitable to Aman and Aus seasons. There is‘a gradual increase in
acreage under HYV Boro and HYV Aman but the rate of increase was higher

for HYV Aman than for HYV Boro during the period under study. The rate
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of increase in acreage under HYV rice in different seasons can be
observed from Table 2.6.

Across the country it appears that HYV acreage compared to total
acreage under rice differs significantly from district to district.

Table 2.7 indicates tﬁat Chittagong, Chittagong Hill Tracts and Cqmilla
have the highest proportion 6f acreage under HYV rice compared with
total acreage under rice in those districts. Conversely, Faridpur, Pabna
and Rajshahi have the lowest percentage of acreage under HYV rice during'
the same period.

The seasonal distribution of aéreage‘ﬁnder HYV rice also shows
differenﬁ degrees of adjustmenﬁ between the seasons in different districts.
In 1972—73, but of 19 districts, 10 districts had more acreage under HYV
Boro than under HYV Aman while the‘remaining 9 districts had more
acreage under HYV Aman fhan under HYV Boro. Table 2.8 indicates the
seasonal distribution of acreage under HYV rice in different districté.

The Boro season needs some special attention here because when HYV
rice was first reléased in the latter half of the 1960s, it was found
suitable for oﬁly the Boro season. This.seaSOnjis the dry season in -
Bangladeéh which meant that HYV riée grdwn in the Boro season could be
produced 6n1y with the help of irrigatipn water. Table 2.9 indicates
that in ferms of absolute acreage Mymensingh, Chittagong, Dacca, Sylhet
and Comilla have mofé acréége under HYV Boro than in other districts, and
from figures shown in Table 2.10 it will be noted that the acreage under
mechanised  irrigation is also higher in those districts.

Extension of acreage under HYV Boro is only possible by extending
the acreage under mechanised irrigation. Mechanised irrigatioﬁvis
capital intensive which Bangladesh can ill afford on a large scale»with
the present state of economic conditions in that éountry. It was there-
fore necessary to develop HYV rice varieties suitable for rainfed areas

where rainfall is assured and which are generally free from flood damage.
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ACREAGE UNDER HYV RIC

TABLE 2.7

E IN DIFFERENT DISTRICTS, BANGLADESH
(in '000 acres)
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1969-70

1970-71 . 1971-72 - 1972-73
Districts HYV Total HYV Total | HYV Total HYV Total
Dacca 72.7 1,442.8 85.0 1,254.8 136.0 1,275.0 187.4 1,305.1
Mymensingh  117.5 3,905.4  159.4 3,106.0 250.6 3,120.4 447.9 3,198;3
Tangail - - | 22.9 492.5 28.6 602.9 49.3 . 714.2
Faridpur 12.3 1,394.9 28.1° 1;211.8 27.1 1,072.2 38.4 1,339.1
Chittagong -83.7 905.8 151.7 902.4 195.6 900.9 281.7 966.7
Chittagong -
Hill Tracts  13.8 217.5 .13.8  205.6  26.6 197.7 29.2 155.6
Noakhali o 36.2 1,249.9 54.0 1,153.5 87.4 1,276.9 130.5 1,218.0
Comilla 92.0 1,711.4 125.9 1,716.8 146.8 1,616.4 236.1 1,616.0
'Sylﬁet 58.5 2,240.6 8l.1 2,266.0 90.5‘ 1,983.4 224.2 1,916.1
Ratshahi 17.0 1,675.5 25.2 1,701.0 - 40.4 1,456.0 80.0 1,648.5
Dinajpur 117.0 1,380.4 | 50.1 1,39156 27.1 936.8 130.6 1,027.5
Rangpur 19.1. 2,148.7  44.5 2,238.6 129.0 2,241.3 187.2 2,163.6
Bogra 8.9  950.4 35.7 923.4 ‘57.4 839.2 115.6 | 915.9
Pabna 8.8 1,003.4 13.0 844.6 - 19.3 833.5 36.3 805.3
Khulna 12.4 1,168.9 27.9 1,064.7 38.9 -902.2 75.0 . 901.8
Barisal 65.6 2,271.5 113.4 1,465.6 131.1 1,375.9 206.9 1,487.6
Patuakhali - - .7 871.9 66.0 745.2  88.4 810.0
Jessore 17.6 1,208.1 32.4 1,176.9 = 31.6 1,216.5 56.5 1,118.0
~ Kushtia 2.5 511.0 17.1 491.9 12.2 382.3 29.1 427.5

Source: G.0.B. (1973), Bangaldesh Agriculture in Statistics.
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TABLE 2.10

MECHANISED IRRIGATION IN BANGLADESH

(in acres)
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1971-72

1974-75

Bangladesh Agricultural Development Corporation.

District 1970-71 1972-73 1973-74

Dacca 590 425 2,235 4,580 151,008
Mymensingh 4,415 3,605 3,195 13,320 215,296
Tangail 34,518 29,691 32,020 41,553 57,891
Faridpur 118 594 3,619 535 52,158
Chittagong 89,631 95,607 12,114 108,105 124,867
Chittagong . : .
Hill Tracts 7,654 8,919 10,001 7,994 8,000
Noakhali 29,339 26,195 30,595 43,707 35,280
Comilla 77,788 100,216 136,728 136,102 174,653
Sylhet 88,610 84,602 149,995 146,241 142,348
Rajshahi 44,664 40,963 89,757 68,623 60,437
Dinajpur 4,622 6,519 12,703 16,847 19,966
Rangpur 18,166 21,227 24,307 34,470 -~ 31,522
Bogra 19,554 17,802 24,359 27,204 46,513
Pabna 20,970 20,702 24,472 30,753 36,098
Khulna 13,687 20,281 38,097 47,065 28,240
Barisal 99,891 86,659 150,805 158,935 71,216
Patuakhali 49,009 40,098 57,044 65,532 113,617
Jessore 14,908 16,583 40,935 25,268 19,073
Kushtia 3,73 5,190 8,456 11,878 13,762
Source:
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This has led to the development of several HYV rice varieties suitable
for Aman and Aus seasons. At the moment it appears that HYV Aman
acreage is increasing at a greater rate than HYV Borb. By introducing
HYV Aman, farmers are saving costs to the extent that irrigation water
is not required. This cost consideration, coupled with the possibility
of double cropping of rainfed HYV Aus followed by HYV Amaﬁ, will possibly
mean a continuous increase in the acreage under Both HYV Aus and HYV
Aman in the'futﬁfe.

According to the latest survey, 6.3 million acres of land in the
country are potentially available for‘rainfed.HYV Aus production,
6.6 million acres fqr rainfed HYV Aman production and 3.0 million acres

for double cropping of HYV Aus followed by HYV Aman.

2,8 The Impact of New Rice Technologi

The introduction of new technology in agriculture is primafily
-considered from the point of view of increased production, but the
ultimate goal of new technology de&elopment in the less déveloped countries
of the world is thevimprovementvof the welfare of the people in the rural
and urban'éreas.. Rice production is one of the most important elements
that determines the welfare of the rice ﬁroducing societies. It is there-
fore of the utmost importance‘to look into the likely consequences of the
introdudtion_of new technology on the géneral welfare of the people in
Banglédesh.

Terms such as "green revolution" of "seed-fertiliser revdlution" have
‘been psed tovdescribe the introduction of new rice technology to Bangladesh
and in Asia. The validity of such assertions is much in doubt despite the
fact that rice yields have increased in recent years.with the introduction
of new rice technology. It is certaiﬁly true that there has not beeﬁ any
revolutionary change, rather an evolution in the aggregate sense and this
evolution has been marked by rapid change in certain areas with no changev

in other areas.
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An international seminar on the socio-economic implications of
introducing HYV rice in Bangladesh was held at the Bangladesh Academy
for Rural Development at Comilla in April 1975; While acknowledging.
the poteﬁtialities of the "miracle seed", grave concern was expressed
because of the fact that it did not come up to the»expectations of the
society. The reasons advanced for such concern was that it was
accentuating rural income inequality in an'impoverished rural economy.
It was also pointed out thet increased profit margins from HYV
rice might lead to labour substituting technology in an economy where
laarge numbers of landless peasants depend on rural employmenf. The.

-heavy dependence of HYVs on fertiliser and pesticides (TK. 3600m 1973)
imposed a heavy burden on the'econemy, especially in terms of demahd for
foreign curreﬁcy.

The .suggestions for removing the problems were that the government
should start a long-term strategy of solving income inequality in the
rural afeas, but for the immediate future it was necessary to implement
politically feasible policies to miﬁimise social ineQuality while

pursuing the goal of increased foodgrain production.



29

CHAPTER 3

REVIEW OF LITERATURE

3.1 Technological Change

Technological change in production is the principal factor of
structural change and resource use adjustment in economic development.
Technological change implies a change iﬁ éxisting knowledge of means of
produétion. Itimay also imply either the use of a new input or an
improved version of the traditional inputs, leading to increased produc-
tivity of resources used in production.

Téchnological change is always viewed from the point of view of a
production function; A produétion function is usually presented in
mathematical form, indicating ;he relationship between inputs and out-
pﬁt. All the technically feasible cbmbinatiéns of the iﬁputs set the
limits for the production functions. Therefore, technological change‘
may be described as either modification of the existing production
functions or creation of new production functions.

Technical change usually‘conveys the idea of ianeasing production, .
but it may also mean the reduction of loéses through better étorage and
harvesting systems; Whatever form it takes technological change usually

leads to different factor combinations.

3.2 Technological Change in Agricultﬁre

Heady (1949) has suggested that technological change in agriculture
can be divided into (ij bi&logical, (ii) mechanical, and (iii) biological-
mechanical. By biological he refers to those changes which have a
physiologipal effect in increasing the total output from a given‘land'r

base. By mechanical he refers to a mechanical innovation which substitutes
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capital for labour,.but does not change the physiological outcome of
the plants or animals to which it may apply. Many mechanical innovations
also have a physiological effect in increasing tiﬁelinesé of operations,
so0il structure or otherwise directly affecting the plants or animals.
The techniques which have both these effects are termed biological-

mechanical.

3.3 Diffusion of New Technology

Technological change is probably'the most crucial factor in deter-
mining the éhape of an economy. Téchnological change has enhanced the
flow of products, adding new dimensions to the way of life, and improving
working conditions. Interest in the study of the economic aspects of new
technology stems from the study of the proceSs of ecﬁnomic growth. Huge
amounts of money are being spent by reéearch organisations in creating
new technology, but the benefits of this huge amount of researgh remain
unreélised until the resulting new technology is diffused. Most néw
technologies are not widely adopted fof a'considerable number of yearé,
so the rate of diffusion or adoption of new technology is of great iﬁport—
ance. One implicit or explicit purpése»behind the study‘of diffusionbis‘

to determine methods by which the rate of diffusion can be accelerated.

3.4 Approaches to the Study of Diffusion

By the late sixties, the new rice technology started to make its
impact felt in Bangladesh with the introduction of HYV rice. Pfeviously'
rice pfoduction technology had been limited to the traditional varieties,
with its concomitant centuries old bréduction method. Before looking
into the diffusion of HYV rice in Bangladesh it will be propef to look
into some of the studies that have already Been published in the field
of diffusion of new technology. This will ﬁrovide better analytical
insight into the economic aspects of the diffusion process and will help

in modelling the diffusion of HYV rice in Bangladesh.
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Griliches:(l957) studied the factors responsible for wide cross-
sectionél differences in the rates of adoption of hybrid corn in the
United States.

In the course‘of his study he argued that Graphic Surveys of data
on diffusion for each Sfate or crop reporting district were of little
value for économic analysis. The observations were not poinfs of
equilibrium which may or may not change over time, but points on an
adjusfment patﬁ, moving more or less consistently towards a ﬁew equili-
brium which may or may not change‘qver time, but points on an adjustment
path, moving more or less consisteptly towards a new equilibrium
position. So it should be analysed in terms of the beginning éf thé.
movement, ité rate, and its destination. This led him to fit some

simple trend functions to the data and to concentrate on the explanation

of the cross—sectional difference in the estimation of parameters.

His choiee of a particular algebraic form»for the trend function."
was somewha£ arbitrary. As the data was markedly S-shaped, sevefal
simple S-shaped curves were considered. The cumulative normal and
logistic curves are used widely for suchrpurposes. As there are almost
no differences between the two over the usual range of data, the logistic
was chosen because it was more easily cglcuigted and interpreted. While
there are somé‘good reasons why an adjustment process shquld follow a
path which is akin to a lbgistic fqnction he does not want to arguevthe_
relative merits of the ﬁarious S—shaped curves. He pointed out that
the‘grow£h>Curve served as a summary device, perhaps somewhat more
~sophisticatéd than a simple average; but which should be treated in the
same spirit.

The logistic growth curve is:defined as:

P=K/[1+e~- (a+Dt)]

where P is the percentage planted with hybrid seed, K is the ceiling or
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equilibrium value, t the time variable to the rate of growth coefficient
and a is the éonstant of integration which positions the curve on the
time scale. Several features of the curve are of interest. It is
asymptotic to zero and K, symmetric dround the inflection point, and the
first derivative with respect to tiﬁe is given by dP/dt = -b (P/K) (K—P);
The rate of growth is proportional to the growth already achieved and
to the distance from the ceiling. It is this last property that makes
the logistic curve useful in so many diverse fields.

Tﬁere are several methbds of estimating the parametérs of the
logistic curve. The method chosen involved the transformation of the
logistig into an equation linear in a and b. By dividing‘both sides of
the logistic by (K-P) and taking the logarithm, a linear transformation
can be.obfained. |

logé [P/(KEP)] = a + bt
Using the least squares regression method the parameters were estimated.
The value of K, the ceiling, was estimated crudély by'plotting the
percentage planted to hybrid seed on 1ogistic graph paper and varying K
until the resuiting éraph approximated é straight line.  After édjusting
for différences in K, the logistic curve was fitted to the data covering
approkimately the transition from 5.per‘cen£ to 95 per cent of‘the
.ceiling. The observations below 5 pér cent and above 95 per cent of
the ceiling valﬁe were diééarded because they were liable to very large
pércentagé errors. The period included here in the analysis, however,
accounts for the bulk of the changes in the data.

The procedure outliﬁed above was used to calculate the parameters
of the logistic curve for 31 States and for 132 crop reporting districts
within thése States.

'Differences in the slope or adjustment coefficient (bj may be
interpreted as differences in the rate of:- adjustment of demand to new

equilibria, and will be explained by yariables operating on the supply
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side. b indicates by how much the value of the logistic transformation
will change per unit of time. The path traced out is an intersection
of short‘run supply and demand‘durves. It was assumed that while shifts
on the supply side determine the origin of development, the rate of
development is largely a demand or acceptance variable.. The usefulness
.of this variable is due to a very elastic long run supply of seed.

Differences in the rate of adoption of hybrid corn were due, at

least in part, to the differences in the profitability of changeover from

open pollinated to hybrid seeds. This hypothesis was based on éhe general
idea that the longer the stimulus the faster is the rate of adjustment to
it. Also, in a world of iﬁperfeét knowledge it takes time to realise

that things have changéd. The 1arger.the shift the faster will entre-
preneurs become aware of it, and hence‘they will react more quickly to
larger shifts.

The author hypothesised that the rate of adoption of new technology
is a function of the profifability of the shift from opén pollinated to
hybrid seeds, both per acre and total. . Per acre profitability was
defined as the.increase in yiéld due to the use of hybrid seeds times
pricé of corn minus the differences in the cost of new seeds. |

The nbdel he formulated was used to calculate the parameters of the
logistic curve for 31 States and 132 crop reporting districts within
these States. The States used accounted'for almost all the comn gréwn
in the USA (gxcept West and New England). Several noteworthy facts
about the results obtained were the excellent fit obtained as indicated
by the high R?; the values of b's, i.e., the rate of adoptiéﬁ, gave
éppropriate results indicating 1ower;r5tes of adoption‘towards the
fringes of the corn belt. The value of [-2.2 - a/b], the dates of origin,
indicate that the development started in the heart of the corn belt and

spread towards its fringes. The ceiling K also declined as it moved away



34
from the corn belt. The results were in line with the theoretical
expectations of the author.

It should be noted that Griliches concentrated on the long run
aspects of technological change, interpreting differences in the pattern
of development of hybrid corn on the basis of the long run,éharacter-
istics of various areas, and ignored short run fluctuations in prices
and incomes.

Rogers (19625 studied diffusibn of innovation from a sociologicél
point éf viewf He listed five’stages in the process of‘adobtion of a new
technology: (i) awareness, (ii) interest, (iii) evaluatibn, (iv) trial,
‘and (v)_édoption.

At the awareness stage the individual is exposed to the innovation
but lacks complete information ;boﬁt it. At the interest stage the
individual becomes interested in the new,technology and seeks additional
information about it. In the evaluation stage, the individual mentally
-applies the innovation to his present andianticipated future situation,
and then decides‘whether.of not to try it. At the trial stage the
individual uses tﬁe innovation on a small scale in order to determine
its utility.in his situation. The main function of the trial stage is
to demonstrate the new idea in thebipdividuél's own situation and
determine its usefulness for possible complete adéption. vAt the
adoption stage the individual decides to continue the full use of the
innovation. |

He also pointed out five factors that are important in affecting
the rate of édoption of an innoﬁa;iont |

1. Relative advantage — is thefdegree to which an innoﬁation

| | is supgrior to the ideas it supercedes.

2. Compatibiiity | - is the degree to whiéh aﬁ innovation is

| consistent ﬁitﬁ’existing valuesiénd past

experiences of the adoptions.
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3. Complexity - is the degree to which an innovation

is relatively difficult to understand
and use.

4, Divisibility - is the degree to which an innovation

~may be tried on a limited basis.

5. Communicability - is thé degree to which the results of

an innovation may be diffused.

It is clear that many of the factors which Rogers considers to be
important sociological factors-affecting diffusionrare essential economic
characteristics of the new téchnology which affect its adoption. It is
not clear to what extent there are impdrtant‘sociological factors which
cannot be handled within an economic framework.

Polasek and Powell (1964) carried out a study to see how synthetics

were replacing»wool in the leading wobl consumihg countries. They also
prepared the Standard Statistical method for analysing the adoption of
‘a new product which consists of fitting a mathematical trend function,
such as the Gompertz Curve or logistic curve.‘ For their analytical-
purposes they ﬁsed the lqgistic function:

_ Yt = K/[1+e - (§>+ bt)]

where Y, = synthetic's share of the market
K = the value of the upper limit approached by the series
of Yt over time

b = speed of approach towards the asymptote

a a vcoefficient'locating the logistic on the time scale.
The ﬁarameters K and b can be referred to as the ceiling and the
rate of adoption respectively. The logistic constraint'on the‘ceiling
is taken as unity.
For the purpose of fitting the data, a linear transformation of

the logistic is obtained:
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Y = Ia[Y /(R -Y)]=a+bt

The estimation procedure consisted of computing the least squarés
regression of Yt on time for é large number of values of K (successive
values of K being separated by arbitrary small intervals), and
selecting that value of K which yielded the minimum residual sum of
squares. Where this method was not successful, other sfatistical
criteria had to be uséd.

The statistical technique discussed beforehand wili reduce the
large body of data into three sets of coefficients. Of thesé, the
origin-fixing ﬁarameter, a, possessesblittle practical meaning.

Instead it would be more useful to try to pin down the effective
starting data of the innovational process. As the logistic has no
"beginning" being asymptotic to zero, the definition of origin of
technological change is somewhat arbitrary in the model. As a measure,
the point at which each national market began to adjust rapidly to
syhthetics, i.e., the date at which the gomputed market share Yt réached
10 per cent of its ultimate ceiling value, has been considered té be the
take—off date; The»value of t at whiqh this occurs is (-2.2 - a/b).-

The results obfained show that thé‘prqcess of adaptation to
synthetics.has been far from-uniform in the countries under review. The
authors have been able to offer only'partial explanations for this lack
of uniformity. The authors pointed oﬁt that the results, while not
‘necessarily reflecting the speed‘of diffusion of technological change,
at least indicate the respénse in various countries to. innovational
change in a Schumpeterian market sehse.

Mansfield.(l968) constructed a model to see‘what factors determine
the rate of initiation of an innovation. His model was concerned with

innovations in the industrial sector.
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Mansfield put forward several hypotheses. Firstly, the number of
firms having introduced an innovation, if plotted against time, should
approximate a logistic function. Secondly, the rate of imitation in a
particular industry should be higher for more profitable innovations and
for innovations requiring relatively small investment. More precisely,

. ¢ij, a measure of the rate of initiation (diffusion), should be lipearly.
relaﬁed to mij (profitability of installing this innovation relative to
that of alternative investment) and Sij (thevinvestment required to
install this innovation as a peréentage of the average total assets of
the firms). |

To carry out the first step the original equation:

mij(t) = nij [1+e - (Lif + ¢ijt)] = 1 .ee.n (1)
is transformed to.be linear in logarithms and now the equation is:

1%%} 113 + ¢ije » e @
Where mij(t) is the numbef of/firms_having introduced this innovation -
at time t§ nij is the totai number of firms in the ith industry with
jth innovétioﬁ.

Measuring time in years, treating thiS'as'a regression equation,
and using least squares (after properly weighting the observations),
estimates of 1ij'and ¢ij can be obtained.

The author uéed his model to look into 12 innovations in four
different industries. Results so‘obtained were consistent with the
model. The coefficiénts of ¢ij and Sij have the expected signs
(indicating that an increase ¢ij4and a decrease in Sij increase the
rate of initiation) and both differ significantly from zéro.

The author conceded thét‘there were problems associated with tﬁe
available data which'may bias the coefficients towards zero. Hé
‘measured the rate at which firms initiated an innovatidn not the fate

at which new techniques displaced the old. He also agreed that various



38
factors.other than those considered here undoubtedly exerted some
influence on the rate of imitation, e.g., factors like variation of
pfofitability.— overtime in introducing an innovation (due to technical
improvement, the business cycle etc.), sales and promotioﬁal effects by
the producers 6f new equipment and the extent of risk a firm faces in
introducing an innovation. He felt that he could not deal with them
because he could not find any satisfactory way to measure them. |

Liao and Barker (1968) studied the factors affecting the adoption

‘ of new rice varieties in three areas in the Philippines. They broadly
classified three factors as being responsible for adoption of new rice
varieties: (i) physiéal factors, i.e., irrigationm, fertiliser,
(ii) economic factors, i.e., thg farmer's expected yield and use of
operating capital, and (iii) social factors, i.e., extension services
and education.

Because of the small sample size and limited number of observations
for the dependent variable, it was not possible for them to conduct a
multiple regression amnalysis to ideﬁtify»the relationship between
dependent and independent variables. Siﬁple correlations have been run
to provide a crude fifét approximation 6f the significance of the .
relationship of the specified independent‘variables to the adoption of
‘new rice variefies. |

The relationship between adopfion and irrigation was found to be
significant but no such relationship could be estaﬁlished between
adoption and farm size. The farmer's expected yield was significantly
related with the adoption. Some farmers were found to reduce the area
planted to IR8 for low price and higherbcost involved and insufficient
irrigation but many of these farmers expressed the desire to switch
over to other new varieties with betfer prices rather than return to
local varieties. The correlation coefficient between contact with

extension workers and adoption was significant the the level of



39
education of the farmers was also found to be significantly correlated
with both the rate and intensity of adoption.

Duncan (1969) studied the role of the trial stage in the adoption
of superphosphate in the Clarence Valley in New South Wales. It was
assumed that where a trial of a new technology on a small scale is
possible,‘a trial stage will precede adoption and adoption is quicker
where triél on a small scale is possible. In such a study the difficulty
arises in deciding whether an area represeﬁts trial or actual adoption.
Arbitrary percentages of total farm area fertilised were taken as
indicators of trial and adoption. Duncan took a figure'above 25 per .
cent of the total area dressed in the first year as immediate adoption.

Fron this study he concluded that different degrees of subjective
uncertainty were associated Qith the types of soil. He also found that
some distinction can be made between trial and adoption, and for those
undertaking frial, the transition from trial tb adoptioﬁ can be
distinguished. A continuous progression over time is apparent. As the
.new techhique becomes more widely used and, consequently, as the degree
of uncertainty'associated with the practice is reduced, a quicker change
from trial ﬁﬁ adoption becomes more likely. ‘Motebver,-with time, the
need for the'trial stage appeéfs to dinﬁnish, especially fdr more
innovative minded farmers.

Swan (1969) studied fhe pattern of substitution of natural rubber
‘by synthetic fuﬂber_among the leading rubber consuming countriés of the.
world. He found that a graphic survey of the data indicates a consistent
behaviour pattern for thebshare ofﬁthe synthetics in the rubber market of
the countries under study. The pattern gives the éhépe of a sigmoid
(ogive) curve, which implies that the process of substitution has followed
an adjustment’path. Synthetic rubber consumption has increased at the
expense 6f natural rubber because of its advantages. The introdﬁction of

a new competing raw material usually begins with experimental usage.
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If it appears successful, its rate qf adoption will increase as its use
spreads. Evéntually, an inflection point in the rate of consumption
is reached beyond which the possibilities of substitution diminish
enough to reduce the rate of growth of synthetic's share.

Like Griliches, and Polasek and Powell, Swan also used a logistic

function instead of a cumulative normal‘(Gompertz) function to summarise

quantitively the observed process of adjustment to synthetic rubber
technology.

His -logistic function may be defined in the following way:

_ (CSR/CTR) *
(CSR/CTRIE = 1o = @ + BD)
Where: CSR = consumption of synthetic rubber in long tonsv
CIR = consumption of all rubber in long tons

t = time in years
a = a constant which positions the curve on the time écale
b = the rate of growth of synthetic's share of the total
rubber consumption
e = 2,7183, the base of natural logarithm
% = refers to the long run equi1ibrium of sYnthetic’s share
of the rubber market.
The function is asymptotic to (0, CSR/CTR*) and it is symmetric around the
inflection point. The rate of growth in the synthetic share of the rubber
market is proportional to.tﬁat already achieved and to-the distance from
the ceiliﬁg, or the long run equilibrium share.
The equation above can be converted into linear form.wﬁich allows
the estimation of the parameters a and b. If both sides of the equation
divided by (CSR/CTR)* - (CSR/CTR)t and the naturai logarithm is taken,
the resulting linear form becomes:

(CSR/CTR) t

In (CSR/CTR)* = (CSR/CIR)E.

a + bt
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Application of least squares method to the above equation requires an
estimation of (CSR/CTR)*, the long run equilibrium share of the market
for synthetic rubber. The author has chosen the method used by Polasek
and Powell to estimate the long run equilibrium.

The logistic function haslbeen estimated by the method of least
squares for nine leading rubber consuming countries of the world. For
the sake of convenience the origin fixing parameter, a, has been trans-
formed to indicate the year in which 10 per cent of the total rubber
consumption was synthetic rubber, Its definition is purely arbitfary
but it is designed to allow for reasonable experimentatidn by rubber
- goods producers before fully committing themselves to synthetic.rubber.

The transformation which yields the origin is given by the term:

-2.2 - a
b

The results obtained support the choice of the function.  The
adjusted coefficient of determination R? is over .9 in evefy case; the
R? is not for the original function but for the transformed logistic
function.  Graphic surveys of the data support the good fit obtainéd.

Schluter (1971) was concerned to see whether there are differences
in the fates 6f adoption of new seéd»varieties between farm éize groups
in India, and if so, the reaéons for such differences.

He used two sets of data but both‘had the limitationsvfor
aggregating the individual farm observations igto between five and eight
farm size groups. With very few degrees of freedom a multiple
regression model is unsatisfactory, so he used a linear regression model
relating adoption only to farm sizé. A linear regression model is
unsatisfactory when the dependent variable is a proportion, so the main
results were confirmed using a logit model. |

The linear regression model for a single farm is:

P_.=a + BXf + e

£ £
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where f = farm, P is the probability of adoption, X is farm size, o

and B are unknown parameters, and e is the error term and

E(ef) =0
E(efef') = 8% if f = f°
=0 if f # f£'

The outcome of whether or not a single farm adopts may be obsefved,
but the probability of a single farm adopting may not be observed. It
is possible to aggregate farms into groups, the model for the farm means‘
becomes: |

. A _ l
1/nj Zf inj Pf Y Zf inj (o + BXf + ej)'

Whefe j % 1, 2, . . ., j is the farm gioup, grouped by the size in this
analysis, nj is the number of farms in the jth‘férm group. |
The.model may be rewritten as follows:
P=a+ B)'(J. + Ej‘

Since all the residual covariances are zero, it follows that

=1
—~
ol
~
[

t
~
o1
[N [
@®
~
]

0
§*/nj if j = 3"
=0 i34
Hence, the residual means are’heterdscedastic, i.e., the matrix of
variances and covariances of residuals is as follows:
1/n 0. . .0
8% {0 1/n, 0

0 0 1/n,

The author, therefofe, weighted each group mean by /o so that the
’ transformed residuals are homoscedastic. OLS estimates are unbiased,
but do not show minimum variance if residuals are heteroscedastic.

An additional source of variation in the erfor terﬁ is introduéed
when dealing with a sample instead of the entire population. With a

sample of n out of a population Nj, the model becomes:
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T. =0 +BX, + (e. + T, - P,
hi k| ( j j J)

where ﬂj is the sample estimate of mean probability. Hence the residual
contains a stochastic component Ej’ and a second term due to estimation

error 'I_T - ? .
( i J)

The residual variance may be rewritten as follows:

— — — 2 -- — 3 ' ——.
Var (e, +7, - B,) = >+ 2P _ 5 (g - Py)
- R R M & nj f inj nj

All covariances are zero, the second term on the right hand side
of this equation is the variance of binomial probability estimate, -and
the 1ést term is the variance of the true probability éround the mean
within each group j; In this analysis, he assumed either that the second
and third terms on the right hand side are approximately constanf for all
j, or that the first term dominates. Clearly, when the wﬁole populatidn
is used, both the last two terms are zero.

An aiternativevto the simple‘linear model is the ”légit" model.

The model is:

P. .
log"l__ = a+ BX. + e, j = farm group and
1-p i | j ;
E(e,) =0
E(e.e.' = 82 /nj if 3 = 3"
( I ) ] i=3]

- =0 if j # 3
The problem with respect to sampling error is similar to that
considefed in the preceding paragraphs. The essential difference between
;his and the earlieg modél lies in the shape of the function due to thé
transformétion of the dependent variable in the latter. In the sample
linear model, probabilities may bevpredicted which are similar than
‘zero and greater than one. In the logit model all probabilities.are

constrained to lie between zero and one.
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After analysing the data, Schluter found that the relationship
between adoption and farm size varies considerably between crops,
regions, seasons and over time.
Crops: The relationship between adoption and farm size is more
marked in "bajra" than in rice growing areas. This is due in part to
a specificatioﬁ problem. Income per acre is considerably higher in
rice relative to bajra-growing areas. Therefore, factors related to
size of farm such as credit and uncertainty may cease to be a constraint
on adoption at a smaller farm size. Secondly, the increase in yield

variability may be less in rice than in bajra growing areas owing to

~ greater availability of irrigation in the former. For this reason also,

uncertainty will cease to be a constraint on adoption at a smaller farm
size, and differences in_adoption levels between farm size groups will
be less.

Wheat gro&ing areas show a sigﬁificant relationship between
adoption and farm size legs often than bajra and rice growing areas.

In jowar growing .areas, there is little relationship evident between

. adoption and farm size because so few farms in any size of farm group

had adoé;ed hybrid varieties.‘

Regions: The author found that the'highef the proportion of land
irrigated in a region, the higher the . overall level of ‘adoption. ‘Even
when a very high proportion of thg area of all farm size groups is
irrigated, as in two districté of Andhra province, differences in levels
of adopﬁion'between farm size groups persist.

Seasons: In Andhra province, levels of adoption are much higher in
rabi season than in Kharif season, but differences in levels of adoption
between farm size groups remain the same. A greater amount of sunshine
in the rabi season increases the‘profitability of new varieties,

especiélly IRS8.
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Over time: Absolute differences in levels of adoption between farm
size groups do not diminish as the mean level of adoption increases,
until the limit of 100 per cent adoption on all farm size groups is
approached. This means that income differentials resulting from the
new varieties will persist longest in areas where overall rate of
adoption is slowest.

Ray (1974) observes that there are a number of ways in which the
diffusion of an innovation can be measured at a particular point of
time, e.g., proportion of firms in the industry which use it or the
share of output, capability, or employment of labour which it accounts
for in relation to the industry's total output, caﬁacity or employment.

Often the denominator.in this fraction (the potential area of
application of the new technique) is difficult or impossible to.define
unambiguously.‘ In some cases a new technique may be successfully
applied to a whole industry, whose limits are easy to define, but there
are teéhﬁiques also which are only suitable for applicatioﬁ, at least
in their early stages, to a certain type of production within an
industry. Thén it is necessary-to decide whether to take as the
relevant total produét that of the whole industry, or only that part of
the industry for which the technique is suiﬁable. Thé farmer is ﬁore
offen chosen because it is frequently impossible to determine the
acﬁual raﬁge of the technique at any given point>of time, or because the
effects of subsequent modifications and improvements to the technique on
the range of its application cannot benforeseen. The pattern of
difquioh: The cumulative pattern of adopters of a new technique or
the cumulative proportion of activity accounted for usually conforms
quite closely to a cumulative normal distribution function or some
similar rising sigmoid curve, for examplé, an assymmetrically skewed
logistic or Gompertz type of curve. The reasons which may account for

the shape of the curve are as follows: At first there have to be few
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pioneers to try the new innovation thus reducing the risk for those
who have not introduced it; good results coming from the use of a new
technique will induce other firms to introduce it; there may be a
bunching of the new adoptions as part of a cyclical mechanism of the
Schumpeterian type; and élso, there may be time for replacément of old
technoldgy by a new technology.

Heﬂlists a number of factors which influence the incidence of
innovation and the speed of diffusion, such as: (i) technical
applicability, (ii) profitability, (iii) finance, (iv) size, structure
and organisation, and (v) management attitude.

Ray studied the diffusion of 10 selected processes among six west
European countries. As he did not have sufficient data to specify the
properties of the diffusion curve which represent the share of output
produced by each new-téchnique in each counfry, he had to make the‘
simplest possible assumption that the diffusion curves were:linear.
Neither the shape of the curve of the individual processes nor either
aggregation provide any strong contradiction of this assumption;

The‘siope'of the linear diffusion relation (i.e. the speed of
diffusioﬁ) ﬁay be measured in several Qays. The measurement applied for
this study was the number of years taken in.each country to reach Z perv
ceﬁt of an industry's output produced by means of each new technique.
The lével of Z was vafied between tecﬁniques since these were different
vintages and each at different stages of development.

lInformation on diffusion on the above basis of measurement waé
available for seven techniques and scatter diagrams were prepared for
eachvﬁf these téchniques. Speed of diffusion was plotted against the
time lag iﬁ introduction. For five processes the scatter diagram
indicated a nggative correlation between the speed of diffusion and
time lag. Since the number of observations were quite small for each

of the techniques, so the data for five techniques were pooled and the
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speed of diffusion was regressed on the time lag. The result of the
pooled data also suggested a marked negative relationship between speed
of diffusion and time lag in introduction. - In countries which are
pioneers diffusion tends to be slower. This result is consistent with
the hypothesis that the pioneer faces all sdrts of teething troubles.
But this suggestion should be treated with caution because there were
two processes which actually implied the opposite that thé pioneers'
diffusion was the fastest. Speciai circumstances affected both cases;
special factors of varying importance which had to be taken into

consideration when studying the diffusion process.

Barker and Anden (1975) summarised the survey results conducted
in six Asian countries regarding the adoﬁtion of new rice varieties
in those countries. The countries are Thailand, Philippines, India,
Pakistan, Malaysia and Indonesia.

They found these factors seemed to account for differentésvamong
sample villages in those countries in relative area planted to modern
rice varieties: (i) the availability of modern rice varieties for the
particular 1o¢a1e (ii)-diffefences in rice growing environmgnt_
(including climate, soils, irrigation éﬁd drainage) and (iii) thé price
relationship between improved and local varieties. Although an effort
was made to quantify the relationship between the adoption of new
varieties and the above,fhree factors; thé results were unsatisfactory
primarily because the adoption rates were very high in most of the
villages that were surveyed. Taken tpgether these three factors.
reflect both profitability and‘risk associated with the use of modern
varieties. While Suitability of available modern rice varieties is
closely related to the environment, Government policy as it influenced
price and the availability of modern varieties was a significant factor
in determining the rate at whigh these varieties‘become available and

were accepted by farmers.
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The Program Evaluation Organisation of the Indian Planning

Commission and ANU (1976) studied the HYV program in India. They found
that the adoption of HYV rice is highly'correlated with the size of
fatms. They also found that adoption of HYV rice is related to the
availability of suitable HYV rice varieties for particular areas. The
other most important factors found to’be important in the process of
adoption pf HYV ricelih India were évialability of water,vprice of

fertiliser and availability of institutional credit.
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CHAPTER 4

THE MODEL

4,1 Possible Forms of the Function -

From the ;eview of literature it can;be assumed that the ratio of
HYV rice to traditional rice varieties will increase over time and the
increase Qill continue till it reaches an equilibrium (ceiling) point.
The path of adoption thus traced out in the long rﬁn will most likely.
approximate a sigmoid shaped curve. Griliches (1957), Polasek and
Powell (1964), and Swan (1969) established the same functional relation-
ship through their respective empiricai investigations.

.If the diffusion of HYV rice follows a similar path to that shown
by éther new pfoducts and processes, the early period of HYV rice
introduction will be a relatively slow process.

Research intovthe extension of information recognises five stages
in the process of the adoption of'ne& technology: (i) awareness,
(ii) interest, (iii) evaluationm, (iv) trial, and (v) adoption. (Jones,
1967). As Jones pointed out; where a new practice is able to be tried
out on a small scale, a trial stage wili usually precede adoption
(Jones, ibid. p.6). Duncan (1969) attempted to show that in the case
of diffusion of superphosphate use in the Clarence Valley in New South
Wales, a trial stage could be distinguished from full-scale adoption.
Ryan and Gross (1953) found from a survéy that not one of their Towa
farﬁer respondents adopted hybrid seed corn without trying it on a

partial basis first.
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If a separate trial stage exists, it represents the first concrete
evidence that a new technology is being adopted by farmers. The primary
functiop argued)for the existence of the trial stage is that by this
means the farmers evaluate the worthiness of the inmovation for their
own particular circumstances. In the interest of understanding the
adoption process more fully, and this seems to be essential if it is
desired to influence the role of adoption, it is important to isolate
the factors which influence adoption and the characteristics of those who
innovate.

In this study, theréfore, we work from the premise that a separate
trial stage does exist. We attempt to isolate the factors affecting
this early part of the adoption prbcess by testing hypotheses, both in
terms of the factors which are important, and those which aie more

important than others.

4,2 Hypotheses to be Tested

Earlier research investigating the economies of adoption seemed
implicitly to recognise that there was a trial étage and that different
factoté'may be important af this stage. Griliches (1957), Polasek and
Powell (1964), and Swan (1969) took 10 per cent of the final ilevvel of
adopﬁién as the origin to allow‘for reasonable experimentation by
users before making fqllvcdmmitment fof its ‘adoption.

| Thése writers esSentialiy tested a profit ﬁaximisation,hypothesis,
i.e., that the new technique was adopted first by those for whom it was
expectéd to be most profitable. The fact thgt adoption did not occur at
‘once,Abut was a drawn out process Qas explained generally in terms of
the reduction of uncertainty over time. This approach recognises that
widesprea& évaluation in use of an innovation generally reduces
uncertainty over time, particularly in respect of its physical perform-

ance as, for example, the yield of new varieties of plants. Physical
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uncertainty is associated largely with the specific farming situation
such as soil types and weather. As more‘and more farmers adopt the
new practice, more information is available to individual farmers about
the application of the new practice in different si;uations. As a
result uncertainty surrounding the practiée is reduced and its
expected profitability to farmers is increased. Ultimately the level of
adoption is, ofbcourse, determined in a general equilibrium éenée by the
interaction of factors and output prices whiqh allows for effects of
increased producfionAon input prices and output prices.

- In deriving hypotheses to test in relation to factors influencing
innovators and early adopters we can draw on a number of other writings.
It has been hypothesised by Schumpeter (1939) that there is a positive
relationship between firm siée and technological leadership.  He
argued that large farms are capable of undertaking the risk and
uncertaiqty associated with innovation and in turn reduce the risk in
the eyes of other firms who have so far not‘adopted it. Schumpeter
asserted thaf once a firm successfully introduces an innovation, a host
Vof others will follow.-

Mansfield (1969) found'from his empirical investigation that profif-
ability, size of the firm, and size of investment for newvtechnology
are the.important factors that determine the rate of adoption of a new
technology.

Rogers (1962) and Jones (19675 arguedvthat'farmers will undergo a
mental process at the early stage to evaluate the outcome of the
adoption and in the process they will have fo be aware of the new
technology first to evaluate its outcome. Liao and Barker (1968) found
from their study in the Philippines that adoption was higher where

extension services and the rate of literacy were higher.
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The HYV rice varieties require additional inputs over the traditional

varieties. The increased yield ftom HYV rice can only be obtained with
additional inputs like fertiliser and irrigation. This means the total
investment costs for HYV rice are higher than for the traditional
varieties,:although ultimately higher yields should compensate for
higher investment. So it is assumed that the availability of these two
factors will influence the rate of adoption. 1In the first few years
seed availability will be a factor that may influence the rate of
adoption but in subsequent periods seeds will be produced on the farm
and hence will not be limiting. However,‘we could not obtain adequate
data on seed availability so this hypothesis could not be tested.

Since most of the farmers are subsistence farmers it may not be
posSible to undertake the increased investment for HYV rice becauae.of
Vrestrictions on credit. So it is also hypothesi;ed that availability

of credit will be another factor which will influence the rate of HYV
rice adoption. In the long run with the increase in farmers' income
~levels, the dependence on availability of credit will decrease.

The adoption models specified by researchers such as Griliches, .
Mansfield; and Swan have been essentially profit.maximization models in
which adoption is a function of profitabilityv(of more realistically,
expected profitability). Other variables have also been included to
capture effects such as capital returning and'risk, e.g., Mansfield's
model, which also included size of firm and size of investment.

In looking at the trial stage in the diffusion process it is our
hypothesis that variables other than those directly¢bearing on expected
profitability will be more important than profitability variaoles.
Hence, we hypothesize that factors affecting knowledge and understanding
of the/new technology will be of greater importance than expected

profitability and variables reflecting capital rationing, risk, and the



53
cost of'other inputs. Our hypothesis is that extension and education
levels will be found to be the most important in the trial stage.

Our model remains within the ambit of the profit maximization model,
because factors affecting knowledge.and understanding of new practices
offset the profitability of the practice to a farmfirm. However, it
is argued that at the trial stage, if such a stage is possible, access
to capital will not be important because the need for capital in this
evaluation stage is not likely to be g;eét. In respect of risk, this
- is one of the factors which is beiﬁg evaluated, and in a stage of. little
knowledge of the new technology there would be little ground on which
different farmers could discriminate between innovations. This reasoning
does not fly in the face of the notion that different farmgrs havé
different attitudes to risk. We are analysing the reasbné why farmers
in different areas undertake a trial of new‘farm practices at‘different

rates. Our assumption is that within farm populations in each area
there is a similar distribution of risk preference.

In our model therefore the various factors which are hypothesized

to infiuence the rate of adoption at the.early stage are listed below
on a pribrity basis:
| 1. Extension
2. Literacy rate
3. Fa;m size
4, Fertiliser availability
5. ‘Irfigationbavailability
6.. ~ Expected profitabilit&
7. Credit aﬁailability
8. Rainfall.
It is expected that all variables will have a positive rélationship.

With the rate»of diffusion.
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4.3 The‘Functional Form of the Model

With the available data, we decided to use a multiple regression

model. The model we are concerned with is:

Y = Bl + 82 X +...+8

nt Int k Yt T Ve

mh=1,2, . . .N; t=1,2, ... T)A
That is the data are represented by N cross-section units over T periods
of time. - Y is the dependent variable, X's are the explanatory variableé,
"and U is the error term. We have (n) = N districts and (t) = T years.

So we have N x T number of observations on Y. The N x T equations can

be put into compact form in matrix notation.

Y=8X+1U
Where
- Y W
11 N ‘ )
112 ‘ ]
‘ 1X11.2 X11.3 . . . . . . . X11.K |.
. 1X12.2 X12.3 . ... ... X2.K
YiT 1 X1T.2 XI1T.3 . ... .. . XIT.K
Yy, 1X21.2 X21.3 .. ... ..X1K
Y = Voo X = 1X22.2 X22.3 .., ... .. X22.K
: 1 X2T.2 X2T.3 . . . . . . . X2T.K
Y X
2T ;
: \ 1 XNT.2 XNT.3 . . . . . . . XNT.K
. ‘ - . ]
INT
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L 4
The intercept term Bl requires the insertion of a column of units
in the X matrix. Y is a NT x 1 vector, X is a NT x K matrix; 8 is‘a

Kx1 vector and U is a NT x 1 vector."

4.4 Possible Forms of Estimation

In recen;.yeafs data on a large number of regions but with‘daté on
individual regions available only o§er a short period of time has beéome
increasingly common in a number of different fieldsAof economic study.
Since only a few observa;ions are avaiiable ovérAtime‘in our present
study,'but a large number of observations are available for regions at
a particular point of time, it is important to make the most efficieﬁt
use of the data across regions to estimate the postuiated'behavioural
relationship. Combining cross-section and iime series data substantially
increases the degrees of freedom and also take‘into account the time
factor. Hoch (1962) suggested that the use of the covariancevmethod of
analysis of combined cross-section and time series data helps évoid‘the
problem of simultaneous equatidn biases existing in the time series data

when there are increases in productivity over time.
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In spite of the advantages involved in pooling éross—segtion and
time series data, there are certain problems in the system with régard
to the statistical method used in it. The basic idea of pooling cross-
section and time series data is to obtain the estimates of some of ;he
parameters from cross-section data, insert them in the original function,
subtract from the dependent variable the terms involving the estimated
parameters, and regress the residual value of the dependent variable on
‘the remainiﬁg iﬁdependent variables, obtaining estimates pf the
remaining parameters from the time series data. A number of studies
have beeﬁ done on this line by different authors like Marshak (1943),
Wold and Jureen (1951), Kleiﬁ (1953) and Stone (1954). Chetty (1968)
has Suggested that the estimates dbtained from the time series data are
conditional upon the estimates obtained from the cross-section data, and
hence the ﬁime series regression yieldsronly'conditional estimateg of
the parameters. Kuh (1959) has also suggested that cross-section
estimates may often be biased and as such can contaminatg the qombined
estimates if they are introduced as point estimates.

This mgaﬁs that the parameters are to be estimated simultaneously
from cross-section time-series data. The simplest way to estimate
parameters simultaneously from cross—section and time series data is to
use OLS. But Balestra and Nerlove (1966) found that the estimates
obtained by the use of OLS on pooled cross—sectioﬁ,and time series data
are poor or even inconsistent with theoreﬁical expectations. One
plausible explanation for that is thaﬁswhen cross-section and'time
series data are combined in the;eétimation of regression equationsh
certain "other effects" may be present in the data which should be
explicitiy taken into account. This caﬁ be accomplished by the
assumption that the cross—sectiongirand/or time series: data have some

additive effects specific to each of them. This specific effect can be
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assumed to be either a constant or variabié. To account for such
effects, dummy variables may be introduced explici?ly into the model.

In this study the parameters of the hypothésiséd behavioural
relationship and the error distributions are unknown and fhe objective
is to obtain the estimates of these unknown parameters on the basis of
certain assumptions about the errors. The procedureradopted here to
estimate the unknown parameters is the OLS method.

The desirable properties of the OLS method are its facility of
estimation and the fact that OLS provides the best linear unbiased
~estimator ifvcertain assumptions hold true.

These assumptioné, which are‘taken to apply to all observations,»
are as follows:

1. vhomoscedasticity
2. non-autocorrelatioﬁ
3. non-multicollinearity

The assumption of homoscedasticity.implies that the variance of
the disturbance term, U, is éonstant for all observations. If the.
assumption of homoscedasticity is not fulfilled, the consequence will
bg that we cannot conduct tests dfgsignificance and construct confi-
dence intervals and the estimates ofvthe coefficients will not have
udnimumlvariance.’ The>predictionv(df Y for givén value of X) based
on the estimated parameters, wili haveia high variance, i.e.,
prediction will be inefficient, because the variance of prediction
iﬁcludes the variance of U and of the parameters estimated, which
are not minimal due to the incidence of heteroscedaéticity. In this-
study, it is assumed that the variance‘of the disturbance term is
_constant for all the observations.

In regression ahélysis, it is assumed'that‘the stocﬁastic error
term is an independent random vatiable. The error term serves as

a catch-all variable and includes all effects other than the X's which
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are explicitly included in the regression function.

In many cases successive values of the random variable U are not
independent and if the random variable in-particular periods is
correlated with its own preceding value (or values), there ie auto-
correlation or serial correlation of the random variable. With auto-
correlated values of the distufbance.term, if we apply OLS, the
variances of parameter estimates are underestimated. Thus the
reliability of the estimates is overstated, i.e., with a false smaller
variance we may conclude that ao estimate is reliable, which in reality
is not. The variance of the disturbance term U may be seriously
underestimated if U's are autocorrelated. So under that circumstanoe
OLS wili not give us the best estimate (U estimate with true minimom
variance) so it is necessary to see that the assumption of eerial
independence of the disturbance terth is satisfied.

A modification of the Durbin—Watsoo test statistic for measuring
autocorrelation has been used here (Webb, 1974). The formula for the

test statistic is as follows:

T . ) . 1

n Ti O
r I (e - e, )
. i,t i; t-1 .
d = =1 t=2 i 2 ‘ N
n Ti N - n+l
D et2 -
i=1 t=1 i
Where N = total number of observations
n = number of time series
Ti = number of observations in time series i
,ei N = residual error for observation t in time series i.
b - .

This statistic provides an overall measure of autocorrelation, as
opposed to estimating d for each time series in the data. The latter
would be highly suspect because of the small number of time series

observations.
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A crucial condition for application of OLS is that the explanatory
variables are not highly 1ingarly correlated. If the explanatory
variables are too highly correlated a problem of multicollinearity
exists. In estimation it is the degree of multicollinearity which is
important. Multicollinearity is not é condition that either exists
or does not gxist in functions but rather a phenomenon inherent in
relationships due.to the interdependence of many eéonomic magqitudes
over time.

If multicollinearity is observed the estimates of the coefficients
will be indeterminate, the ﬁarianceiof the estimates will be large and
the acceptance region for the hypothesis that a given regreséion
coefficient is zero will be wide.  In turn, this means that the power
‘of the test is weak. Tﬁus the test is not very useful in differentiating
between trﬁe and falsé hypotheses. The coefficients will lack
significance when tﬁe R? (coefficienf of determination) is very high.
In multiple regression analysis, it is aiways useful to observe the
simple correlation between explanatory variables to judge the degree
of multicollinéarity which may beiexpectéd. If multicollinearity is-
detected; we should either omit one variable from the function or
replace it by another variable which is a combination of both, or we

can re-specify the model to neutralise the effects of multicollinearity.
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Heady and Dillin (1961) suggested that if the correlation
coefficients are close to plus or minus one, say greater than plus or
minus 0.8, the regression analysis should be carried out with one of -
the highly correlated variables omitted. Which variable(s) to omit
end which to retain should be decided on the basis of 1ogic;

In this study partial correlation coefficients between independent
and dependent variables were computed;' The correlation coefficients
between independent variables are used as an indicator of the possible
presence of linear or near linear ‘relations among the variables and
such relationships can be observed in the correlation matrices.

In this study the highest positive and negative correlation
coefficient among the independent ﬁariables observed is .48 in
correlation matrix 1 and -.51 in correlation matrices 3 and 4. It is,
therefore, concluded that multicolliﬁearity is absent in this. analysis.

In this study dummy variables were.introduced to take out the year
effect. A dummy variable is a variable which we construct to describe
or take into aceount'certain variation or development of the,Qariable
under considefation. We assign to it ‘arbitrary units in such a way as
to approkimate es best 'as we can the variation in the fector which we
want to express quantitatively.

In introducing dummy variables we must use one less dummy variable
than the number of years otherwise we would produce linear dependence in
the data matrix. An aspect of using time dummies is that.the distur-
bance term has become region varienc and time invariant. In most of tﬁe_
agricultural production analysis disturbances are associated greatly
with regions and disturbance over time is very negligible. Mukherjee
(1974) hes found in his study of variation of»agriculturai production
levels in India that 95 per cent of the variance of the totel disturbaﬁces

are attributed to region effects. In using this dummy variable process
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we have ﬁo recognise the aSSumption'being made which emphasises the
regional variation in the disturbance term.

Since regression models are simple algebraic repreéentations‘of
economic theory, significance tests of the results are important as to
the validity of the model. The statistical tests are applied to the
model to see how well the model explains fhe data and to examine the

significance of the estimated coefficients of the wvariables.
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CHAPTER 5

THE DATA

5.1 The Variables and the Regions

Bangladesh, as has already been mentioned, is almost entirely
flat;surfaced with hills along therborder areas.of the nérth, south and
south east. Raschid (1965) has,diQided Bangladesh into 20 regions with
57 sub-regions on the basis of its physical features and drainage
' pattern. Johnson (1957) divided Bangladésh into five divisions with
12 subdivisions on its physiographic basis. The data used in the
present cross-sectional study is not‘ﬁésed on the concept of regions
as defined either by physical features or hydrologicai pattern or some
other agro-climatic or product-composiﬁion critefia. .Rather‘it is
based on 19 administrative regions, known as districts. Physical and
financial farm data are only available on the district basis or the |
lower administrative units of the districts. AThere is no coincidencé
between natural physical divisions and administrative divisions.

| Subject to the availability of data, ten variables have been used

for the analysis of the diffusion of HYV rice in Bangladesh. The'teﬁ
variables are listed belqw:

1. Acreagekunder HYV (as % of total rice acreage)

2.  Production of HYV (as % of total rice productién)

3. Number of extension_ageﬁts |

4. - Rate of literacy

5. Size of farm-

6. Acreage under irrigation

7. Fertiliser distribution

8. Institutional credit distribution
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‘9. Expected profitability per acre
-10.  Rainfall.
Among the ten variables the. first two were used as dependent
variables in two alternative regression models and the remaining

eight were used as independent variables in both regressioms.

5.2 Data Sources

Data on total acreage under HYV rice ana-total acreage‘under rice
are for all 19 districts for the four years from 1969-70 to 1972-73.
Data on total production of HYV rice and total production of rice are
also available fo; all districts for fhe si# yeérs from 1969-70 to
1974-75. Both sets of data have bgen collected from ﬁhe Bangladesh
Agricultufal Development Corporation.

Data on ektension_agents are avaiiable for all districts for the
six-year period. These data have been collected from the Bangladesh
Bureau of Agricultural Statistics.

Data on iiteracy rate are available for all distriéts and have
been collected.from the Bangladesh Census Commission's Census Reports.
The census figures for 1974 are use& rather than the previous‘1961
census.

fhe data on totél acreage under irrigation and total amount of
fertiliser are also available for ali districts. The data series for
irrigation aré available for the five years from 1970-71 to 1974-75
and this includes only the area irrigated by deep tubewell, shallow
tubewell and irrigation power pump. It does not include any irrigation
by traditional methods.

Data series for totalrfertiliser distribution are ayailablé for
the six-year period from 1969-70 to 1974—75. . These two sets of data
have béen collected from the Bangladesh Agricultural Development

Corporation.
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Data on total availability of institutional credit are available
for all districts for the five years 1970-71 to 1974-75. This set of
credit data have been collected from the Central Bank of Bangladesh.

Data on the size of farms have been collected from the Agro-
Economic Research Section, Ministry.of Agriculture. They have collected
these data from an agricultural census and the data are available for
all distriCts for the éix—year period.

Da;a ﬁo calculate expected profitability have been collected from
various sources. Expected profitébility calculations required data on .
average yield per acre of HYV rice and price of HYV rice, and also cost
of production of HYV rice pér unit. Average yield has been célculated
from the data available for total broduqtion of HYV rice in each
district divided by total acreage under HYV rice. National price data
on HYV rice are available for the sikryear period from the Directorate
of Agricultural Marketing. Cost of production data have been taken
from a éurvéy report published by‘the Bangladesh Acgdemy for Rural
Development. Cbst'of production of HYV rice per uﬁit are available for

1968 and for Comilla only.

5.3 Data Transformations

Beforé the regressions &eré run the data were subjected to the
féllowing tiansformations. Acreage of HYV is felt to be an appropriate
measure of diffusion. Howevef, as the data on acreage are available
only for four ?ears and production data are‘availaﬁle for six yeafs
it was felt that production may be substitutable for acreage as an index
of.diffusion. So the correlation coéfficient was calculated for the
corfelation between acreage and production‘over ail districts and the
4 years 1969-70 to 1972—73. But no significant corrélaﬁionvcouid be
established between the two variables. Ray (1974) has suggested that

share of total output by new technology may also be used as a measure
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of diffusion. Because of the longer time series data available for
production, we also used production as an index of diffusion; however,
acreage would be the preferred index of diffusioﬁ.

Total acreage under HYV rice and total produdtion of HYV rice are
not an accurate guide to the extent of diffusion of HYV's since all
districts differ in size and also differ in écreage under rice. The

pefcentage figure for acreage under HYV rice will take‘into acﬁount
total acreage under rice also. The same is true for production of HYV
rice because different varieties of riée contribute differently among
the districts towardé total rice broduétion. Hence, percentage of HYV
rice production will give a better idea‘of the extent of adoption.

Since the number of farms differ among the districts, use of total
number of extension agents will not yield meéningful information. So
the ratio 6f extension agents with respect to the number of farms has
been calculatéd.

Any farm 5 acres and above has been treated as a large farm. It
was stated in Chapter 2 that the average farm size was 2.5 aéres aﬁd
about‘77 per éent of farms aré undef 5 écres.' Hence 5 acres seems to
present‘a reasonable dividing line»betwéen what migﬁt be considered
small and large landholders. The percentage of largé farms has been
used to give a better indication of variation of lérge farms among
the districts.

Credit data has also been adjusted likewise, i.e., per farm
availability of credit was calculated by dividing the totalvamount of
farm credit by the total number of farms in the district. Thié‘gave
~a variation in the per farm availability of credit among the districts.

Expepted profitability calculations were expected to have been
the most difficult because of severe data constraints. Firét-we

‘found out the average per acre HYV yield in each district. Price data
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kfor HYV rice was available only for the whole of Bangladesh. The
variation in the price of rice has been only minimal between the
districts. Further, there has been little government interference in
the free movement of rice between the districts. Hence, it was decided
that the national price would be suitable for the purpose.

The per -acre costs of productioﬁ of HYV rice were calcglated as
follows: Cost data was not aVailable‘either cross-sectionally or in a
time series. Cost data are available for 1968 on a.per unit basis
(i.e., per maund, which equals 37 kg). It was assumed that like the
rice price, cost of production will also not vary much betweén the
districts because most of the inputs such as seeds, fertiliser,
irrigation and credit are distributed.by government "agencies as a
uhiform pricetthroughout the country. The only'cost that may have
small cross—sectionél variétion was iaboﬁr. Most farmers use family
.1abour‘and it is only forhplanting and harvesting that they hire labour.
Farm costs and rice ptice are very highly correlated across Bangladesh.
The main factor that caused variation in the Consumer Price Index was -
the’prite of rice. It was observed that cost of production of HYV rice
has gone up with the increase in ﬁrice‘of tice. So we- decided to use the
Consumer Ptice Index to calculate the cost.of production for the
subseqﬁent years from 1968. Total cost was calculated by average yield
per acre times per unit total cost ofkproduction. By deducting total cost
from total revenue we obtained total profit.

In the study, our idea was to inéorporate some notion of expectedv
profitability of the HYV. ‘As explained in the outline of thé model, it
is assumed that expected profitability will change with changes in
uncertaiﬁty’about the new technology, and changes in prices and cost
associated with HYV. In an attempt to take these latter into account,
an average of the six years prqfitability was used as a variable

expressing expected profitability.
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Fertiliser data have also beeﬁ transformed to convert them from
total amount distributed into per acre availability by dividing total
amount by total acreage under rice.

The percentage of total areé ifrigated in each district has also
been calculated to provide comparative inter-district statistics on
use of irrigation water in rice farming. In respeqt of both fertiliser
and irriga;ion-the availaﬁility of acreage:data only to 1972-73 limited

the-use of these two variables in the regressionms.

5.4 Reliability of the Data
The accuracy of any sfﬁdy depends on the reliability of the déta.

’Caution should be exercised in respect of the degree of reliability of.
the déta before undertaking .any study. All data here have been collected
from public agencies which in turn have collected data in the goursé of
their routiﬁe administration or in special investigations. C;édibility
vof these published statistics has always been in question.k They are
‘questioned from thé point of viéw of ;he n@thﬁds used for collection
and analysis of the ﬁrimary data.

| The»acreage and production‘eétimates of rice are made.by a-method
which can Best be described as a compromise between (i) thevsubjective
method - more commonly known.as>the‘ﬁethod of "eye estimation" and
(i1) thé‘objéétive method, i.e., the method of sample survey.

(i) The subjective method

The subjective method of estimating acreage and yield sfarts at the
"union" (the lowest level of local éovernment where a union consists of
10-15 villagés) level. The Union Agricultural Assistant (UAA) bases
his figures on the judgment of a number of farmers interviewed and adds
his own observations of crop conditions in the field compéred to thé

previous year, as well as to a normal year.
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The acreage estimation for rice in any union under this system is

also influenced directly or indirectly by the corresponding figures
available in the 1944-45 plot to plot survey report. The'yield per
acre is estimated in terms of what is known as the "normal" yield rate.
The term,"ﬁormal" may be defined as "the average yield of an average
plot in a year of average character". This system was introduced
because the farmers do not understand the meaning of average and would
be able to express, through intuition and long experience, the yield
rate in terms of."anna" under normal conditions in their respective
areas. Sicce farmers used to uﬁderestimate their crop yield rates for

taxation and other reasons, 12 "

anna" (16 anna is equal to 100 per cent)
reports were considered to indicate the normal yield rate acd any higher
."anna" above 12 "anna' is considered as an above normal (or’bumperﬁcrcp)
depending on the range - of "anna". 1In the pfesent form of subjective
method, the normal yield rate hae been defined for the whole country
after revising the old rates wherever .such revisions were thought |
necessary and the "anna" report has been replaced by the report in
percentage of the normal. Normal yield for the country has been used
as a uniforﬁ guide‘to all crop reporters and nothing more,vkeepiﬁg in
view the variation in soil, fertility and ﬁeather conditions in
different parts of the country.

An objective approach has been introduced since the early 1960s
for yield estimates. Under this approach the UAA is required to select
five farmers at random from the Union council's assessment list, and'
thereafter estiﬁations based on their acreage under rice and total.
production are to be reported.

The UAA submits his acreage and yield estimates to the‘Thana
Agricultural Officer (TAO). (A Thana is composed of 10—15 unions and is
the lowest administrative unit invthe country.) The TAO checks them in

the light of his own experience and observations. The acreage under
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rice in the Thana is the sum of all unions' acreage and the yield is
the weighted average of the union estimates.

Thana figures are transmitted to the District Agricultural Officer
(DAO). He makes further checking and makes his own estimates of
acreage and yield for the district in the same way it wes‘done at the
Thana level. The DAO then sends it along with the Thana figures to the
Directorate of Agriculture at Dacca. These figures are examined by
the Bureau of 'Agricultural Statistics against DAO's periodical reports
on:

1. Seasonal character
2. Germinatinn and conditions of standing crops
3. Damages, if any, dne to drought, floods, cyclones,
insects, pests, etc.
4, Previous years' estimetes. 
‘ If any gross anomalies are found; they'are'referred back to the DAO
concerned, for checking.

Normalvyield figures are regularly revised whenever such revision

is thought neceseary. The annual report is expressed as a percentage

of "normal".

(ii) The nbjective method

Tnere are inherenﬁ weaknesses in any subjective method because
they depend on personal judgment of the reporters. Since 1964-65,
cluster sampling has been in use for acreage and yield estimates.
Clusters have been selected in all Bangladesh and two-stage, stratified
random sampling of clusters has been used.

(a) Selection of clusters - The sample "mauza" (agricultural

‘zones) were drawn from the mauza list of Agricultural Census 1960.
This census list itself has a sample of 10 per cent of mauzas in
Bangladesh. The mauzas were arranged Thana-wise for all districts.

Further, these mauzas were divided into seven size classes (in acres)
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as follows:

0 - 199
200 - 499
500 - 799

© 800 - 1199

1200 - 2999

3000 - 4999

5000 - over

In selecting mauzas, probability weights were given to the size of
classes. The probability of selecting a cluster in a selected mauza
was adjusted in such a way that every cluster of about 5-acre size

could be included in the sample with an equal probability of igaa;

(b) The clusters - The clustersvare visited six times a year
and acreage under different crops in each one recorded 5y UAA on:'
prescribed forms. These arevsubmitted to TAO who checks and forwards
them to DAO. The statistical staffs of the district headquarters
conduct further checking of the submitted forms before sending them to
the Bureau of Agricultural Statistiés at Dacca.

The totai'acreage figures under rice are obtained by using the
ueﬁhod of ratio estimation. ‘For example, if xi represents the acreage
‘observed under;a grop in ith clustér:of size . ai of a district in which
there are m cluster in all, then the acreage estimate of the crop for
that district is given by: |

| X + X, +. . .+ X

% (area of the district, excluding
a; + a, + .. .+ a forest, urban areas, under river)

where xi's and ai's are random variables. The cowntry's total acreage

under rice is the sum of the individual districts acreage under rice.
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(iii) . Crop-cutting experiment — The yield figure of rice for each

aistrict is estimated by conducting crop-cutting experiments in plots
selected from each cluster. For this purpose, one plot is selected at
random out ofvthose plots containing rice in each cluster. The logic
behind this procedure can be explained by the fact that the clusters are
randomly located in a diétrict and that the probability of a crop
occurring in a cluster is proportional to the intensity of its culti-
vation in the regions represented by the cluster{

Once the plot has been selected, a rectangular area is located at -
random in‘the éelected plot for harvésting. The crop within tﬁe'
rectangle is harvésted. The harvest is thfeshed and the green weight of
the grain yield taken. A sample is takeh by UAA for dryweight.

The yield estimate of rice in a distriét is made by averaging the
yield;obtained from the érop—éuttingfexperiﬁents conductéd in the"
district. The total production of rice is estimated for eagh district
by‘multiplying'two estimates of acreage and yield rate. The total
production of rice for the coﬁntry is the sum of the district estimates.

Falcon (1961) found from his study of Punjab (Pakistanj agrieultural
~data that area data are sufficiént}y accurate for most‘quéntitative
research and official yield esfimates tendvto vary in proportioﬁ with
the dgviation from an average érop. Thus, in a season of very poor
crops, the offiéial'estimate'is likely to overestimate the production,
while in a very favourable year, the official estimate may substantially
underestimate.the production. The harvest price data are midway between
the area and production data in terms of reliability; Bangladesh, India
and Pakistan have the samé statisticgl'Background, so what is true in
'Punjab‘(Pakistan) may be true to a lgfge extent in Bangladesh also. .

The data on the number of exteﬁsion,agents has been collectéd from
government payroll statistics in each department concerned, so there is

very little scope for discrepancy in this data.
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The literacy rate has been collected from the 1974 population
census (the reference date of the census is 1.3.74). The quality
~and accuracy of literacy data depends on how complete the census
coverage was. To measure the coverage errors (persons missed from the
count) a survey was conducted in April 1974. The preliminary analysis
of the survey results reveal an under—enumeration of‘16 per cent in
fouf big cities'(Dacca, Chittagong, Khulna and Nanayangonj) and 6 per
cent in othervareas. So the quality énd accuracy of data on literacy
should be judged also inythe light of the normal errors of reporting
and recording as well as misreporting and conceptual mistakes in a
largg scale operation like the census. |

The number and the size pf tﬁe‘farms have ﬁeeh collected from the
1960 agricultural census.. Certaig marginal changes must have occurred
té the number and the size of the fa?ms but there were no other
statistics available to indicate that.

The area under irrigation and total fertiliser disfribution has‘
been collected from the records‘of fertiliser sale and distribution.
of deep-tubewells, shallow—tubeﬁells and irrigation pumps supplied by
the Banéladesh Agricultural Developmenf Corporation as they are
officially entrusted to supply these inputé to the farmers.

Credit data have been collected by the central bank froﬁ all the
commercial banks, specialised banks and other government loan-giving
agencieé.»

Therefore the above sets of data should be fairly accurate.

Price data have been collected from differeﬂt important rice
marketing centres in the country by the Directorate of Agricultural
Marketing and the national average was calculated. Falcbn's comment on

price data may be correct in this respect also.
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Cost data was collected by the Bangladesh Academy for Rural
Development from their own survey and therefore should be accurate.

It should be noted, however, that Bangladesh was at war with
Pakistan from March 1971 to December 1971 and the subsequent period
after the end of the war has been marked by a relatively unstable
economic situation and a major portion of the time under study happens

to lie in that period.
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CHAPTER 6

THE EMPIRICAL RESULTS

6.1 The Basic Model

The basic model specified in Chapter 4 is as follows:
Early diffusion of HYV rice‘= f (extension agents,
literacy rate,
farm size,
fertiliser availability,
irrigati&n availability,
expected profitability,
credit availability,
rainfall), |
with the importance of the independent variables hypotheéised as being

in descending order as they are specified above.

6.2 The Four Sets of Estimates

Four sets of results have been estimatéd using OLS. The four sets
of estimates are aé follows: |

(i) producfion of HYV ricevaévdépendent variable with all -
independent variables for the 19 regions and for the
five.years 1970-71 to 1974-75 (credit and irrigation
‘data are not available for 1969-70);

(ii) -production of HYV rice as dependent variable andAall
independent variables, excluding credit and irrigation
for reasons mentioned above, for all regions and for

the six years from 1969-70 to 1974-75;
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(iii) acreage under HYV rice as dependent variable and all
"independent variables for all regions and for the
three years, 1970-71 to 1972-73 (credit and irrigation .
data are not available for 1969-70 and acreage under
HYV rice data are not available beyond 1972-73);
(iv) acfeage under HYV rice as dependent variable and all
independent variables except for credit and irrigatiqn
for all regions and for the four years 1969-70 to

1972-73 (for reasons mentioned already).

6.3 Results of Expanded Profitability Model

The four sets of results of the estimated regressions are
presented in Table 6.1. The significance test statisticé, t,
are shown alongside the estimated coefficienté, @.

" With production of HYV rice as the dependent variable and exCludingb
irrigation and credit as independent variables (equation (i)) the results
‘show that as expected, extension services and education were-significant
factors in explaining diffusion. The éoefficient on the fertiliser
variable is also significént. The large farms coefficient has a
negative sign which, though theoretically unexpected, is compatible
with results obtained by Siriswasdilekiand others (1975) iﬁ Thailand.
They found that the adoption of HYV rice was not related to farm size
in irrigéﬁed éreas in Thailand. Liao and Barker (1968) also obtained
the same results in their study of adoption in the Philippines.

Schluter (1971); in his study of India, found that‘for bajra (sorghum),
paddy (rice), maize and jowar, the proportion of acreage under the new
rice-varieties is unrelated to the size of farm. He argued that the
reason why there is no pésitive relationship be£wéen farm size and
adoption in paddy (rice) gfowing areas may be that adoption of new

rice varieties involves a change to double cropping, so the problem of

labour supervision may discourage large farms from putting a high
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proportion of their rice acreage to new rice varieties. But our most
plausible explanation for a negative relationship between diffusion of
HYV rice in Bangladesh and large farms is that this particular new rice
technoiogy may not be suitable for large farms in a given context, whereas
in a changed context a new rice technology may prove suitable for large
farms. The new seed;fertiliser based rice technology with more labour
absorbing capability seems to be not suitable for‘lérge farmé in
Bangladesh. Smith (1975) found from his study of Bangladesh that a
struggling selstufficient farmer in Bangladesh has an opportunity to
triple his income from modern rice technology, so the fgrmer'with 1.5
acres of land is much better off with new rice technology and can be
expected to ré—invest very questly. |

The very low coefficient for feftiliser is explained by the nature .
of the data. In this regression we ﬁave used the absolute amount of
fertil;ser rather than the per acrelavailability of fertiliser. The
reasons for use of the data have been explained in Chapter 5.

Expected profitability and rain are not statistically significant,
but noﬁetheiesé, they all have pbsitivé sigﬁs; as expected.

Wifh the same dependent variable the second set of estimations,
equation (ii) which includes.éll independenf variables, giveS’similar
results. The credit coefficient has a negative sign but it is
statistically non-significant. The coefficient for irrigation is very
small and non-significant. The reason we did not get any statistically
significant relationship between irrigation the the rate of diffusion
may be becaﬁse of the nature of ﬁhe available data used in the analysis
or it may be’duetto an increased shift from HYV rice grown under

mechanised irrigation to HYV rice grown under rainfed conditions.
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With acreage as the dependent variable, equations (iii) and (iv),
the significance of the regression coeffiéients is largely unchanged
except that the coefficient on the literacy variable is only significant
at the 5 per cent level or greater.

The rainfall variable is significant in equation (diii) at the 5 per
cent level, with fhe sign positive as hypothesised.

The model tested in this study waé described as being an "expanded"
profitability model, that is, it tries to capture the effects Ofl
factors which affect profitability but which are difficult to incorporate
in a measure of the usual factoré affecting pfofitability such as yield,
pfiées and costs. It is paft of the test of our hypothesis that the
extra factors are more important than the so-called normal profiﬁability
variable. Hence, we also wished to test a basic profitability model

to see how it performed by comparison with our expanded model;

6.4 Results of Profitability Model

We ran two separate regressions with two different dependent
variables (production of HYV rice and acreage under HYV rice) and
‘expected profitability as the only independent variable in both

regressions. The results obtained are shown in Table 6.2.

"TABLE 6.2

- REGRESSION RESULTS OF PROFITABILITY MODEL

Eroduction‘of'HYV' écreage under HYV

B t B t
Ex. profit 1869 -.0570  -3.9268 - -.3894
o | .0367 ' 0541
D.F. 109 | 71

d | .43 | .73
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In both regressions the coefficient for expected profitability had a
negative sign and both coefficients are statistically non-significant.
R? is also very low, indicafing that expected profitability explains

little of the variation in the dependent variable.

6.5 Beta-weight Results

Finally, to test our hypothesisvabout the relative importance of
the various factors in the early stage of diffusion of HYV rice, we
have used '"beta-weight coefficients", the formula of which is given

below (Goldberger, 1964):

Beta—Weight = gj %%?%l

Beta weights provide an indicator of the amounnt of variation of
the dependent variable explained by each independent variable. The
results obtained using the above formulé are presented in Table 6;3.

The results in Table 6.3 givé a large measure of support to our
. hypothesis with production of HYV rice as the dependent variable
extension services, education and>farm size are most important. With
acreage under HYV as the dependent variable,‘fertiliser, extension
_ services, farm size, education and‘rainfall'are most imporfant in

explaining variation.
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CHAPTER 7

CONCLUSIONS

In the light of the chronic foodgrain shortage in Bangladesh, it
was felt that‘reliaﬁce on traditional rice cultivation would do little
towards solving the pfoblem. The application of new knowledge resulting
from science and technology to traditional agriculture has begun to
show dramatic results in many countries. The new rice technology has
opened tﬁe possibilities of greatly inﬁreésed productibn and also
offers an‘opportunity to break the.chéins of rural poverty in Asian
countries including Bangladesh, whichbwas not far behind other countries
in introducing the new rice technology. Success will depend upon how
well this opportunity is availed, which in turn depends upon ﬁow well a
particular society is conscious about the consequences of the new
technology. Ihis technological breakthrough in rice production is
believed to have opened the‘opportuhity»for.fongfain self—sufficiéncy
in the near future in Bangladesh. Whether this goél is realised greatly -
depends on héw.rapidly‘this’new rice technology will be diffused in
Bangladesh;

The government of Bangladesh in the First Five Year Plan (1973-78)
putlined two.broad stretegies to be employed to increase production’
of foodgrain to reach self-sufficiency by 1977;78: (1) increase in
yield to be obtained by introducing HYV rice; (ii) increase in cropped
area by multiple cropping, made possible by irrigation. The hard core
program whicﬁ_has been identified fof rapid expansion of HYV rice in
Bangladesh under the First Five Year Plan includes the use of agri-

cultural inputs - fertiliser, pesticide and seeds along with irrigation.
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On the basis of tﬁese targets an estimated ﬁeed of major agricultural
inputs and the approximate cost involved therein have been worked out.

In this study an effort has been made to look into the diffusion
of HYV rice in Bangladesh. Both the tabular and the graphic repre-
sentation of data show adoption of high yielding rice varieties to be
at an early stage in the diffusion process. The rate of diffusion of
HYV rice in Bangladesh is much behind many rice producing and consuming
countries of Asia. The present study has attempted to provide a
quantitative measure of the factors influencing the diffusion at an
early stage and offers some guidliﬁes’for policy. However, the analysis
is subject to a number of limitations and the results therefore should
be considered in that light.

Most of the limitations relate to’the availability and nature of
data used in the study. These limitations were discussed in Chapter 5
in detail. Because of the lack of data we céuld not test the suggested
hypotheses by alternative éstimation methods (e.g., error components
model, logistic function). 'Howevér, it may be argued that the model
employed hereISeems to be appropriate in an analysis of the present'v
probleﬁ and the results, as far as they go, do support the’hypothéées
strongly. | |

To study the early phase of diffusion of HYV rice to Bangladesh an
expandéd profitability model has Been constructed. It was hypothesiséd
that where trial is péssible on a small scale in the adoption of a new
technology, the trial stage will precede the adoption stage. It hés
been suggested that a trial staée is more likély where the innovation
ié able to be tested on a émall'scale. Duncan (1969) has shown that it
is possible empirically to distinguish a trial stage‘in the adoption
process.‘ This trial stage is the first positive indication that thé

farmer is in the process of adopting the new rice technology. It seems
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to be of utmost importance to study this trial stage because the
ultimate rate of diffusion will depend upon the results obtained from
the trial stage.

It is hypothesised that the factors of major influence in the trial
stage will not be the same as the factors important in the adoption
stage. Comprehensive dissemination pf information regarding new
technology to farmers is hypothesised to be the crucial elemeet iﬁ'the
early stage of diffusion. If this is so, the extension services and
education yariables»are thus more important at the trial stege than at .
the adoption stage. It is hypothesised that these factors will be more
iﬁportant than variables explicitly seen ae affecting profit such as
prices of>output and costs of inpute. Liao and Barker (1968) found
that extension service aﬁd educatipn.variables are very important
factors et the early stage of adoption of HYV rice in the Philippines.‘-
Eventually, as Duncan (1969) has euggested, the trial phase loses its

‘importance as diffusion becomes more widespread. |

The major burden of this study was the estimation of parameters
from cross-section and time series data. Pooling cross-section and.
time'series data has become increasingly common‘in‘many economic
studies in recent years. This helps to iﬁcrease the degrees of freedom
and also takes into account the time element. In spite of its
advantages, there are certain problems associated with the statistical
techniques employed for estimating parameters from combined cross-
section and time series data. Here, after giving due consideration td
estimation of the parameters with efficiency and consistency and also
keeping in View the limitations with the available data, We-have
decided to use OLS to estimate the parameters. OLS‘gives best linear

unbiased estimate of the parameters if the assumptions hold true.
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The empirical findings of the study strongly supported the
assumptions made about factors important in the early stage of
diffusion. The coeffiéients for extension agents, education, large
farm and fertiliser are all statistically significant in the four
regressiéns, except for the education coefficient which is statistically
non-significant in one of the regressions. The results of our empirical
findings coﬁfirmed our hypothesis that dissemination of information
regarding new technology, as caﬁtured in the extension and education
variables, is tHe crucial factor in the diffusion process at the early
stage. The significance of theléqefficient on the fertiliser variable
is also conSistent‘with the prevailing situation in Banglgdgsh. New
rice varieties have been found to be moéf responsive to fertiliser. use
among the supplementary inputs. Irrigation, credit, and expected
profitability were statistically non—éignificant, as was‘rainfall;except
in one of the four regréssions. The statisticélly noﬁ—significant very
low coefficient of irrigation seems fo be due to the'natufe of data
used iﬁ the analysis or it may be due to a changing emphasis on growing
more HYV ;ice'under rainfed conditioﬁs. However, keeping in view the
agronomic fequirements of HYV rice_and the tabular observation of the
‘relationship between acreage undér HYV ricé and irrigation in Chapter II,
this result éhould be treated with caution.

We did not find a positive relationship between the rate of diffusion
and the number of large. farms aé expected on the basis of the argument
that owners of large farms are more willing to face the risk of trying
new ideas. In facf, we obtained'a‘negative relationship. PlausiBle
reasons for the negatiﬁe relationship found may be attributed to the
problems associated with supervision of large labbur inputs required
for modern rice téchnology as suggested by Schluter (1971). Another
reason is that modern rice technology in its present form may not be

"~ very suitable for large farms in Béngladesh. Smith (1975) found that




89
small farmers in Bangladesh are proportionately benefitted with large
farms in increasing their income from modern rice technoiogy and this
has led to more small farmers participating in modern rice cultivation.

However, we cannot satisfactorily explain this finding and it
poses an interesting problem for further research.

A further test of our hyppthesié, which will only be possible when
HYV rice has been adopted for a large number of years, is whether in
the later stages of the adoption process the expected profitability
variable is more or less important than our disseminatién variables.

Increases.iﬁ ggricultural 6utput have been fofecast by the planning
authority on the basis of schematic tables of coefficients that give
expected'increases in output'as'é result of increases in specific
inputs. In reality projected output repeatedly differs widely from
éctual output. |

This seems consistent with the findings of the present study which
suggest that the provision of inputs other fhan fertiliser have been .
unimportant in explaining the diffusion of HYV rice. Our results show
that,eﬁfofts fo diffuse HYV rice in‘Bangladesh_are likely t6 pay‘off
if'dirécted‘to such desired areas_liké‘eipanding the extension services
both in quality and quantify, spread of education and distribution'of
fertiliser in proper quantity and at froper time.

The basic argument in this thgsis,is that the early stage of
diffusion of HYV rice in Bangladesh is dependent primafily oﬁ dissem—
ination of information regarding HYV rice. From our study it appéars
that to speed up diffusion of HYV riée in Bangladesh the extension
"service shouid be extended éo that the technical and other information
can be made available to farmers more_efficiently. .The spread of
education will help the farmers grasp the intricate technicalities
involved in new rice technology at their personal level through journals

and bulletins.  The dissemination of information can be divided into
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long term and short term perspectives. Since investment in education
is a long term aspect, énmhasis should be'put.more on the short term
aspect, i.e., expansion of extension services. In a long run perspec-
tive of looking towards other introductions of new agricultural
technology investment in education shopld be geared up. New rice
technology needs new farm skills ana expertise of a higher order than
was needed with traditional methods of cultivation. The agronomic
requirements are quite different as regards planting dates and planting
depths, feftiliser rates and timing, insecticide, pesticide, and

" fungicide applications, wateringkand many other factors. Unless
appropriate extension measures are taken in the short run to educate
the farmers with respect to these comp1exities neither highef yields -
will be obtained nor will adoptiOn‘be rapid.

The persbn_who establishes dirédt contact ﬁith farmers in Bangladesh
is  the Uﬁion Agricultural Assistant (UAA). rThe average lqad-of;an
indiﬁidual UAA is from 1,000 tobl,200 farm families. Thg‘physical
facilities available to him are negligible. Some of the UAA have a
two-year diploma in agriculture‘but the majority of them have only in-
servicé'ana job-oriented training. No facility exists for training
farmers in croﬁ orientation pfograms. Thé UAA faces a heterogeneous
clientelevconStituted of absentee 1andholders, share-croppers and
landless peasants. This has been further complicated by the poor
income and large scale illiteracy of the farmers. The tasks faced
by an extension agent under present circumstances are simply enormous.
A new rice vériety with great promisé. may be released but the processes
required fdr the acceptance by the clientele are‘complex. The -
acﬁuired and conceived knowledge of evolving a ﬁew variety is required
to be interpreted by theveﬁtensiOnvagents in the light‘of the level of
understanding‘of clientele for“whith‘the flow of information should be

continuous in the early stage of adoption. To make the extension
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- service more effective the average work load of an UAA should be.
reduced to a desirable level where he can most effectively use his
technical expertise.

In the long run, the heavy pressure on extension agents can be
reduced to a great extent by spreading édﬁcation. Investment in
education will only pay off in the long run because of its long
gestation period. Spread of education will have the effect of farmers
themselves being able to understand by'reading agricultural journals
and bulletins énd also their level of understanding will be impréved.

Our empirical findings also suggest thatvthe rate of‘diffusibn is
responsive to fertiliser distribution, so the availability of

_ fertiliser to keep pace with the spread of HYV rice in Bangladesh both
in short and long run should have to be taken into consideration.
Foreign exchange requirements for the import of fertiliser seems to

‘ Be'a hurdle iﬁ obtaining fertiliser in the required amount. The
government will have to be careful about its socio-economic prioritiés
in allocating fofeign exchangevfor fertiliser impért.

Other factors of which we could not‘make any quantitative analysi§
are tbﬁche& on here in some length because it is considered that
these factors bear certain sociai and ecoﬁomic‘implications in‘the
process of diffusion of HYV rice in Bangladesh;

Thére is a sizeable number 6f share—-croppers in Bangladesh. They
haye nobdefined legal position iﬁ the country. The impact'of share-
cropping on diffusion of HYV rice needs to be carefully studied.
fheoretically,vshafe—croppérs have Very little incgntive to increase
production with increased investment in HYV fice, since this increaéed
production will increase the,éhare of the land owner without his (the
land owﬁer) corresponding contributioh,to increased costs. In.
Bangiadesh; it is estimated that 11 per cent of the farmers are share-

croppers and 4 per cent are owners—cum-share croppers—cum-labourers.
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It is natural that without a clear legalposition for share-croppers,
a sizeable number of the farmers may be left without any incentive to
adopt new rice technology.

HYV rice is very environment specific. Its diffusion wiil be
greatly influenced by how rapidly the research organisations are
capable of méking available environment-specific varieties for
different agro-climatic regions. This, in turn, rgiseé the quéstion
of how‘the government is going to finance these kinds of research
efforts. To date, all HYV rice used iq Bangladesh have been dwarf or
semi-dwarf trénsplanted varieties susceptible to problems when used in
deeply flooded areas or as dry crops. There are three major rice crops
in Bangladesh, each with quite different suitability to introduction
of short stemmed HYV rice. The speed'of diffusion will depend in
future on the evolution of seeds suitable for regions or components
of a region such as deep water, rainfed and dry season HYV rice
varieties with different topographical and soil formations. Intensive
research will be needed to solvg these problems.

It is suggestgd therefore that a sustained policy of research in
specific regions as to theif geo—climatic and soéio—economic character~
istics is eSsentialvfor diffusion of HYV riﬁce in Bangladeéh. The
research in modern rice technology'should also be gearéd to obtain
good yield potential and reasonable yield stability. More research is
also required to find out new rice varieties where dependence on
fertiliser and water is less, as the construction of water control
systems and import of fertiliser have been found to put much préssufe
on scarce foreign exchange.in Bangladesh. New rice varieties shouid
have the qﬁality to make them disease and pest resistant and this will

lessen the burden on scarce foreign exchange from imported chemicals.
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Meanwhile,‘it should be borne in mind that as Has already been observed
in many parts of the world, diffusion of new rice technology must be
accompanied by a whole range of activities designed to provide farmers
with needed information and access to inputs.

The potentials, limitations -and consequences of new rice varieties
are becoming more and more clearly defined with the passage of time.
While HYV rice has contributed very significantly to the increase in
rice production, if is by no means the whole source of productivity'
gain in Bangladesh agriculture. Pfoductivity gains réalised in rice.
production are associated with HYV rice but a significant portion of
the growth is equally accounted‘fér by indigenous research discoveries.

A set of new problems are exﬁeéted to arise with the spréad éf new
rice technology, whatever its speed, which need to be foreéeen and
acted upon now.

~ -One of the most important effects of HYV rice is the chaﬁge in
cropping fattern which has béen brdught about sometimes in combination
with irrigation. Double, even‘triple, cropping has become a part of
the adqptingjprocess for HYV rice in Bangladesh. In many places double
cropping of.rice has been undertaken By rgplacing production of vege-
tables and phlses iﬁ Bangladesh and consequences of such replacement
should be viewed from the poiﬁt of qveral1 nutritional deficiencies.
The short maturity of HYV rice rather than higher yields may be a most
important aspect to farmers. This infensive cropping has both good
and bad sides. Intensive cropping may accentuate the already existing
disease and pest problems but this also helps to use moré and more
laboui and makes a more evenly distributed labour demand throughout the
-year thus enhancing prospects for the landless farm labourers.

Serious doubts have been expresséd aBout the ability of the existing
marketing systém to cope with the increasedvproduction. Storage

facilities and transport are inadequéte and crop grading is often

deficient in Bangladesh.
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To sum up, the broad implications of the present study seem to
be one of optimism. The existing structure of agriculture in'Bangladesh
would seem to be responsive to an increase in factors which should
accelerate the diffusion of HYV rice in Bangladesh. Meanwhile, con-

sideration should be given to the up-grading of a whole range of

policies to sustain the speed of diffusion of HYV rice.
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APPENDIX A

DISTRICT-WISE RATE OF DIFFUSION OF
HIGH YIELDING VARIETIES OF RICE

IN BANGLADESH
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DISTRICT 1969-70  1970-71 - 1971-72  1972-73
Dacca 5.03 6.77 10.67 14.36
Mymensingh. 3;00 5.13 8.03 14.00
Tangail - - - -

Faridpur - 0.88 2.32 2.53 2.87
Chittagong 9.24 16.18 21.71 29.14°
Chittagong Hill Tracts 6.34 6.71 | 13.44 18.77
Noakhali | 2.90 4.68 6.84 10.71
Comilla 5.37 7.33 9.08 14.61
Sylhet 2.61 3.58 4.56 11.70
Rajshali 101 . 1.48 2.77 4,85
Dinajpur 1.23 3.60 2.88 12.71
Rangpur O.88> 1.99 5.75 8.65
Bogra 0.94 3.87 6.84 12.62
Pabna’ 0.89 . 1.54 2.31 4,51
Khulna 1.06 2.62 4.31 8.32
Borisal 2.88 7.73 9.53 13.91
Patuakhali - 6.39 8.86 10.91
Jessore 1.46 2.75 2.60 5.05
Kushtia 0.49 3.19 6.80

3.48




SHARE OF HYV RICE IN TOTAL RICE PRODUCTION
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DISTRICT 1969-70  1970-71  1971-72  1972-73  1973-74  1974-75
Dacca 16. 49 20.80 28.42 34.72 40.14 37.71
Mymensingh 7.88 14,86 21.21 30.96 35.99 38.82
Tangail - 18.13 11.68 20,22 25,55 23.29
Faridpur 4.40 11.02 12.12 13.28 13.62 15.03
Chittagong | 20.98 34.72 38.08 ‘50,38 58.87 60.05
Chittagong :

Hill Tracts  15.75 18.87 - 26.86 38.43 46.72 61.65
Noakhali ©10.15 16.13 20.98  25.17 43.29 45.78

" Comilla 14.15 19. 40 21.18 28.97 47.19 48.81
" Sylhet 6.53 8.85 10.41 23.17 29.17 3.51

Rajshali 3.23 3.95 8.33 13.07 21.21 19.36
Dinajpur 2.69 8.11 6.70 25.98 44.10 23.69
Rangpur 2.70 bbb 14.28 16.18 29.76 21.48
Bogra 3.11 9.51 17.46 - 21.34 33.60 23.29
Pabna 3.00 6.54 C9.41 - 1431 26.31 21.09
Khulna 13.88 11.09 1467 16.10 14.65 16.92
Barisal 7.47 28.87 30.08 29.63  41.22 40.09
Patuakhali - 29.95 23,77 27.28 32.35 23.22
Jessore 5.30 9.79 8.73 12.47 14.88 15.00
Kushtia 2.00 11.35 14.81 18.01 16. 42 15.05
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APPENDIX B

DISTRICT-WISE GRAPHIC REPRESENTATION
OF THE RATE OF DIFFUSION OF HYV RICE

IN BANGLADESH
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